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On the Goniometric 
Functions Applicable to 


Directive Aerials. 
BY 4. BLONDEL. 


INTRODUCTION, 


HE principle of the use of two adjacent antenne to form 
| loop aerials for directional waves has been known some 
considerable time.* These groups of two aerials have been 
used since 1902, in their simple form by the author, and in the 
form of a combination of two pairs of antennz placed perpen- 
dicularly to one another by MM. Bellini and Tosi. | 
Оп the other hand, the author has also introduced the use of 
closed circuits equivalent to two aerials connected by junction 
wires at their upper and lower points. These separate systems 
have been put forward as means for determining at the receiving 
station the direction of the station from which the waves are 
being received. It has been proposed especially to allow ships 
to receive signals sent out by these directional stations (“ 72410- 
phares ”), such as have already been installed by the Service des 
Phares Français, between 1911 and 1913, at the instigation of the 
author. Similar receiving apparatus was also installed about 
the same time on the Marconi Company's ships. 


* The construction of simple frame aerials of two adjacent antennz, such as are considered 
here, was described for the first time by the author in 1902 (British Patent 15527, July 11th, 
1902); in the same patent is described the use of a closed frame for radio-goniometric purposes, 
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MM. Bellini and Tosi have installed at Boulogne-sur-Mer, 
at Havre, and other places, fixed radiogoniometric stations capable 
of telegraphing their bearings to ships at sea.* | 

The International Convention of London, in 1911, fixed а 
maximum wave length of 150 metres for signals of this class. 

Without wishing to discuss.in what follows the respective 
advantages of the different radiogoniometric systems on land or 
on ships, it is proposed to indicate the manner in which the phase 
differences of the electromotive forces induced in the two vertical 
or nearly vertical parts of the measuring aerial necessitate im- 
portant corrections, when the dimensions of the loop or frame are 
not very small compared with the wave length employed. The 
mathematical relations which indicate these corrections will be 
called the gontometrical functions in the following ‘article.t It 
18 interesting to study them in order to realise the difficulties 


which attend the use of short wave lengths in radiogoniometric 
work. 


GENERAL DEFINITION oF DIRECTIONAL AERIALS WHOSE GONIO- 
METRIC FUNCTIONS ARE TO BE EXAMINED. 


Although the system which is most favoured at present is the 
closed loop or frame aerial arrangement, I will consider the case 
of open aerial systems, in order to make this investigation as 
general as possible. 


Aerial systems comprising two adjacent antennz arranged in 


and the author has described with some detail in German Patent 237486, January 15th, 1910, 

and in the descriptions of the apparatus shown by the Service des Phares at the Franco-British 

Exhibition, 1908, the use of these frames closed by a condenser, and the results obtained in 

сеа carried out aboard ship with the co-operation of General Ferrié and Commandant 
renot. 

In March, 1910, the author took up with Commandant Brenot the study of these closed 
frames composed of several turns oscillating at their natural frequency, the circuit being 
closed by a condenser. The dimensions of these frames necessary to secure sufficient sensi- 
tiveness were unfortunately too large, but in October, 1915, General Ferrié had the happy 
inspiration of combining an amplifier with these frames, so as to obtain a considerable increase 
in the sensitiveness and at the same time to reduce the dimensions of the frame so that it could 
be easily turned round on a fixed axis. Radio-goniometers with small frames have entered 
into current practical use since that date, but they are not the object of the present article, 
which is confined to the previous type of construction. 

* Morerecently M. Bellini has invented a very ingenious system of electrostatic excitation 
of double aerials. 

Т The subject of the investigation is limited to the determination of the goniometric 
functions for continuous and for damped waves; we shall not deal here with the other 
corrections, often very important, which arise through earth capacity or capacity to neigh- 
bouring objects, nor with corrections arising from the construction of the moving part of the 
radio-goniometers, nor with corrections arising from induced currents in the hull or other 
metal parts of the vessels, or in any other aerials fixed on the same ship. 
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the same vertical plane, at a distance 92 (less than, or equal to, 
a half wave length), and brought into resonance (by means of 
loading inductances or capacities in series) with the frequency 
of the waves to be received, may be of two different types, according 
to the mode of connection ; these are :— 


(1) Type “ D? (Differential), in which the inductive effects of 
the aerials on the receiving circuit are opposed when the 
aerials are in the plane of the waves. The resultant 
induced current is a maximum when the plane of the loop 
coincides with the direction of propagation of the waves 
and is a minimum when it is perpendicular to that 
direction. 

(2) Туре“ S? (Additive), in which the inductive effects on the 
receiving circuit are additive. The positions of maximum 
and minimum induced current are the inverse of those of 


the first type. 


The loop aerial with several turns can be treated in the same 
manner as type ^D" by multiplying the electromotive forces 
induced in the two vertical portions of the aerial by the number 
of turns on the frame. 

In order to simplify matters, I will assume that the waves are 
being propagated along the surface of the sea, and that, in conse- 
quence, there is no horizontal component of the E.M.F. vector, 
such as has been shown by Zenneck to exist in the case of propa- . 
gation along the ground. Weare therefore justified in neglecting 
all the horizontal connections between the antenne and, when 
dealing with oblique parts, considering the vertical component 
only of the electric force. 


PRINCIPLE OF THE METHODS. 


With the above assumptions it is necessary to distinguish 
between two methods of determining the direction of the waves,’ 
using either of the above types of aerial :— 


(1) Tbe zero metbod consists in determining the position of 
maximum and minimum current as indicated by the detector. 
The two directions corresponding to the minimum audibility in 

' the telephones are determined, and the angle between them 
bisected. The accuracy of the measurements diminishes, however, 
as will be shown later, when the plane of the loop aerial approxi- 
mates to the direction of propagation of the waves. 


B 2 
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(2) The comparison method is based upon the comparison of 
the currents induced in two or more loop aerials fixed at known 
angles to one another.* This necessitates a previous knowledge 
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of the laws governing the variation of current in the aerial with 
the direction of the incident waves. For simplicity I shall call 
this law the “ goniometrical function," and represent it by gon 0, 
where @ is the angle between the plane of the loop and the hori- 
zontal line perpendicular to the direction of propagation of the 
"waves. 


* Compare German patent No. 237456, January 15th, 1919. 
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L GONIOMETRICAL FUNCTIONS USING CONTINUOUS 
WAVES. 


If continuous waves of wave length А are being received and 
we neglect the transitory effect at the commencement of the 
signal, it is easy to determine the respective goniometrical functions 
of the two types of aerial systems. Let ej = Е sin wt represent 
the E.M.F. induced in an imaginary simple aerial, placed at the 
central vertical axis of the loop, and having the same constants 
as each of the real aerials. This aerial is supposed to act on the 
detector by means of an imaginary jigger similar to the real 
jiggers. Let F(eg) represent the effect on the receiving instru- 
ment, F being the function depending on the properties of the 
detector, in accordance with the most generally accepted 
hypothesis. 

Let the two antennz of the aerial system be distant gand — 2 
from the imaginary central aerial, and let all the circuit constants 
be the same, then F(ej) will be replaced by Ке, — ег) for loops of 
type D, and by Е(е, + еҙ) for type S loops. 
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Type S: е + е = дер cos дпЕ = де cos ф . . (9) 
The functions gon 0, relating to the two types of loop, are 
obtained by dividing these expressions by де. They are purely 
geometric functions, independent of the absolute value of the 
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to 8 review graphically the properties of the two types 


of aerials. 
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Fig. 1 shows the variation of ф as a function of 0 for different 
values of the ratio Š; Fig. 2 gives the variation of sin $4, and 


Fig.33 the variation of the ratio of sin ф to its value when 0 = 90°. 

Fig. 4 shows the value of the differential y' of sin ¢, a derivative 
which gives an idea of the sensitiveness of measurement. When 
an energy integrating detéctor is used, the sensitiveness is pro- 
X portional to 2yy', and сап be obtained by multiplying together 
the ordinates of the two preceding curves. 
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Fig. 5 gives the relative sensitiveness ratio, that is, the 
logarithmic derivative y ly. For an energy integrating detector 
this derivative becomes 2y’/y. 

Figs. 6, 7 and 8 give corresponding values of y, y' and y'fy 
for dq case of 5 type loops. It will be seen from these curves 
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that the properties of the two types of loop aerial are altogether 
different, and do not show to the advantage.of the 5 type, since 
in the latter case y’ always becomes zero, not only when 9 = 90? 
but also when 0—0. . | 
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(To be continued.) 
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An Investigation of the 
Internal Action of a Triode 


Valve. 
BY W. H. ECCLES, D.Sc., M.I.E.E. 


HE most important single instrument in modern wireless 
practice is the three-electrode thermionic vacuum valve, 
for it enters into every main division of the subject—it plays 
a dominant part in the generation of oscillations, the detection 
of signals and in the amplification of feeble voltages and currents. 
Its arrival and development have, besides, helped greatly towards 
the success of apparatus and methods that might otherwise 
have remained almost failures. It is, therefore, very appropriate 
that an account of some of its properties, and an attempt to 
advance our understanding of these properties, should find a 
place in the first number of a new wireless journal. In order to 
avoid the repeated use of the long name used above, the instrument 
will here be called a triode valve, or, more briefly still, a triode ; 
a valve with two electrodes will be called a diode. The term 
* triode ” includes the proprietary articles known as the audion 
of de Forest, the valve of Round, and the pliotron of Langmuir ; 
the term “ diode" covers the original Fleming valve and the 
kenetron rectifier, for example. | 
In its most usual forms the triode consists of a heated filament 
of tungsten, a metal plate or cylinder of refractory metal, and a 
grid, all enclosed in a very highly exhausted bulb; and in the 
modes of employment we are to study, the plate or cylinder is 
maintained at a positive electric potential relative to the filament, 
while the grid is given voltages considerably smaller than the 
plate. All the current across the vacuum is carried by electrons 
produced by evaporation from the heated filament. The filament 
is nearly always heated by an independent current, but in ex- 
ceptional types of triode the source of electrons might be a hot 
plate heated electrically or by a “ burning glass " ; and, therefore, 
in general it is better to call the source of electrons the cathode 
of the tube. The plate or cylinder may be called the anode 
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whatever its shape. The third electrode, which, as already said, 
is usually a grid between cathode and anode, may really be a 
conductor of any shape, and need not, even, be situated between 
anode and cathode; and since its function is to regulate and 
control the flow of the electrons from cathode to anode, it may 
in general be called the control electrode. The names anode and 
cathode come from general electrical terminology, and imply that 
the current traversing the vacuum appears to enter the vacuum 
at the plate and leave it at the filament. 

The action of the triode depends mainly upon two phenomena, 
one known as the “ space-charge effect ” and due to the-electric 
repulsions between free electrons, and one that may be called the 
* shielding action," exercised by the control electrode over the 
cathode and the space charge near it. The object of this paper 
is to study these phenomena and their consequences quantitatively. 


THEORY OF THE SPACE CHARGE. 


First, let us suppose the cathode and anode to be parallel 
planes. A sectional view is given in Fig. 1, the distance between 
the planes being taken as 7, and the distance of a typical plane 
layer from the cathode being х. We shall suppose the hot cathode 

- to be maintained at zero poten- 
tial and the plate to be main- 
tained at a potential v, above 
the cathode. The electric force 
in the typical layer will be F 
directed from anode to cathode, 
and therefore the mechanical 
force on an electron in that 
layer will be towards the anode and of magnitude Ед, where q is 
the magnitude of the negative charge of the electron. When 
a steady state has been attained a current % will be crossing 
each square centimetre of every plane between the anode and 
cathode and parallel to these. Let the number of electrons per 
cubic centimetre in the typical layer be п and the velocity of the 
electrons there towards the anode be и. à; | 

It will be noticed that because the positive direction of Р has’ 
been taken opposite to the direction of increase of æ the minus signs 
that usually appear in front of the differential coefficients are absent 
from the equations. This is very convenient for the present pro- 
blem where we are dealing throughout with negative electricity. 


Гіс. І. 
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The equation connecting the current density 7 with the potential 
v at the distance z from the cathode has been given by C. D. Child 
in the Physical Review p. 498 (1911), and by I. Langmuir in the 
same journal p. 450 (1913). The equation 15 

v = (iJ Ati, 
= y = Avi[z?. 
The value of A in practical units is 2°33 х 10. 

In obtaining this solution the velocity of emission of the electrons 
from the cathode is assumed to be negligible. The electric field 
at the surface of the cathode must consequently be zero unless 
the saturation current is being taken. For suppose the current 
to be well below the saturation value; then more electrons are 
being emitted than are carried to the anode, and the balance is 
continually being returned to the cathode. This action takes 
place because the smallest accumulation of unwanted electrons 
leads immediately to the creation near the cathode of an electric 
field which pushes new electrons back again; consequently the 
accumulation of free electrons is automatically prevented and the 
electric field has no opportunity of becoming different from zero. 
If, however, the applied voltage between the plates is greater than 
that needed to produce the saturation current there will exist 
at the cathode a positive field that could carry away more electrons 
than are actually being emitted. This condition of zero field at 
the cathode, and also that of zero voltage, must be satisfied. 

We may regard the v, 2, 2 equation as showing the voltage at 
which an anode placed at the distance æ from the cathode must 
be maintained in order to hold the unsaturated current 7 constant ; 
or we may say that when we observe a current of density 1 being 
carried by electrons between two parallel planes distance г apart 
we know the voltage between the planes must be as given by the 
above equation. From the v, 1, 2 equation we may obviously 
obtain the distribution of Р, n and и. We find 


г 
T 


where к is the electric inductivity of the vacuum. 
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The distribution of these quantities between the electrodes is 
given by the curves of Fig. 2, which is not drawn to scale. The 
total charge in motion at any time between unit area of the plates 
is obtained by integrating nq with respect to æ; itis 


k (А: 
54) 2, 
and is proportional to the value of the field at the anode. This 


Ес. 2. 


is directly evident from the consideration that the Faraday lines 
leaving unit area of the anode are кЕ/4т in number, and these 
are all occupied in reaching out, so to Speak, to the negative 
electricity in the space between the plates. 

In the preceding paragraphs the electrons are imagined to 
emerge from the cathode surface with negligible velocity. Let 
us now remove this limitation, and let us assume that they allleave 
the cathode with the same velocity u,. If the current is un- 
saturated many electrons must be returned to the cathode by 
virtue of a negative electric field, and this field must be due to an 
accumulation of electrons at a distance from the cathode. At 
this place the field must be zero (for accumulation to be possible) ; 
and as F changes sign and passes through the zero value some of 
the electrons will be dragged towards the anode, some will be sent 
back to the cathode. Since F is the gradient of v it is evident 


B. 
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that v is a minimum at this place of zero velocity ; we shall call 
the co-ordinate of this place zy. Moreover, as the differential 
equations must still be obeyed, the changes in the old solution 
must be confined to the introduction of arbitrary constants at 
permissible places. Inspection of the differentiations shows that 
we may write v + v = (0/4) (£ — 20), 


whence Е = - (2) а — 4). 

In these equations we have, as we should, 
V = — Uy at = To 

and Е = 0 at 2 = fy 


while F is negative when 2 < 7, and positive when z > до. Con- | 
tinuing the differentiations as before we obtain 


nq — é (4)! & — 293 


When 4 is held constant we may represent the state of affairs 
between the electrodes by the curves of Fig. 3. 


ЖТ 
х 


Ес. 3. 

Тһе curves may be interpreted as follows: An electron leaving 
the cathode and moving up the page finds itself in a retarding 
field by which its initial velocity и is reduced to zero by the time 
it arrives at zy. Неге the retarding field changes sign and the 
potential reaches its minimum value vy». A consequence of the 
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slowing down of the electrons is that their density n increases to 
a very large value at 2, the density multiplied by the velocity 
being, of course, constant because the current constituted by 
their motion is constant. Some of these accumulated electrons 
may be assumed to return sooner or later to the cathode, and 
some pass onwards under the influence of the positive field and 
rising potential; beyond 2 the electrons gather speed and become 
less closely packed, as is seen from the curves of u and n. 

We may estimate the magnitude of x by putting v and 2 zero in 
the voltage equation above. We thus obtain 


202 — Avè. 
In practical units A = 2°33 X то $, and it is known that the 
mean velocity of the electrons emitted from a cathode at a 
temperature of 2500°K corresponds to about 02 volt. Let us 
assume that 4 is, in a particular experiment, of magnitude 
2 miliamperes. Then 
2°33 х 106 x (0:2) * . 
Lo = сане a ) ) — 10-2 cm. 
2x 10 


The distance 24 which is of order a tenth of a millimetre, may 
therefore be regarded as small compared with the dimensions of 
any ordinary thermionic tube. Closer calculation indicates that 
this is likely to be rather too small than too large ; but using the 
numbers just obtained we have, when 1 = 2 milliamperes, 


v + 0:9 = 74 (x — 0:01) ê 
Е = 99 (x — 0:01)? 


It should be noticed that 7 is smaller the greater the current. 

The formation of a place of accumulation of electrons, and of 
a place of zero field, at a short distance % from the cathode reduces 
the case of electrons with finite initial velocity to that of a pre- 
ceding page in which the initial velocity was taken to be zero. Іп 
every case, then, we may sum up the matter by saying that when 
the current and voltage carried by the space charge are small 
enough there is a place of zero field ; an increase of voltage calls 
up an increase of current and a corresponding increase of the 
number of moving electrons, and the electric force due to this new 
distribution of the charge is just right to restore a layer of zero 
field. If there are not sufficient electrons to restore zero field the 
potential gradient becomes positive everywhere and the current 
is saturated. 
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It has been assumed in the above discussion that the velocity 
of emission of the electrons has a definite value и, the same for 
every electron. This is not true, for the evaporated electrons 
have, in fact, a large range of velocities. The result is that 
instead of a layer of accumulated electrons of infinitesimal thickness 
and infinite density at a definite distance 2% we expect a vaguely 
defined region of finite thickness and density in which sufficient 
electrons accumulate to produce the negative electric field needed 
for repelling the unwanted electrons back into the cathode. 


CATHODE AND ANODE CONCENTRIC CYLINDERS. 


When the electrodes are of the form discussed in the preceding 
pages and illustrated in Fig. 1, analysis similar to that employed 
in the last few paragraphs may be applied to find the distribution 
of the space charge, but a complete discussion demands more 
mathematics than is desirable in this paper. Readers may refer 
to I. Langmuir’s paper in the Physical Review of November and 
December, 1913, where it is shown that when the radius of the 
filament is less than a tenth of the radius of the cylindrical anode 
the current j per centimetre of the length of the concentric elec- 
trodes tends towards a lowest value given by 

- 2/2 sq v 

je 
as the ratio of the filament radius to the anode radius becomes 
smaller. Неге г is the distance from the axis of the filament and 
v the potential at that point above that of the filament. 

The current density at any point distant æ from the axis of the 
filament is given by | 
V NUR а. 

Әл: Or Ҹ т а? 

In practical units the formulz become 


j = 14:65 x 10-6 = 


t= 


й 
i = 0:88 x 10-9 >. 
Ф 


When the radius of the cylindrical anode is not very great 
compared with the radius of the cathode, a correcting factor must 
be applied to both the last formule. The multiplier depends 
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upon the ratio of the anode radius 2 to the cathode radius r' in 
the following manner :— 


т' [2 0:067 0:10 |015 | 62 108 |04 |05 |06 |07 | 0:8 | 1:0 
multiplier | 1:02 | 1:06 | 1:18 | 1:82 | 1°75 | 2°41 | 3°61 | 6:00 10-9 29:3 
This table may be applied in order to make rough allowances for 
the case when, for instance, the cathode is in the form of a curly 
filament, or is a bundle of parallel filaments. 


THEORY or THE CONTROL ELECTRODE. 


Consider three conductors in space, as indicated in Fig. 4, and 
suppose an electric charge given to each. We shall suppose that 
the conductor marked 1 is raised to a much higher electric potential 

| than either 2 or 3, and that we wish to 
as inquire how the charge on 2 is connected 
l with the voltages between the three bodies. 


We know from elementary electrostatic 


| theory that да, the charge on conductor 2, 
(а) is given by 


Qa = ©1201 F Саба F Сазбз» 

where 01, Vas Фа are the absolute electrical 
potentials of the three conductors, and 
Со» Cog, Cog are what are called “ фарасиу co-efficients." Let 
us suppose that the potential of 1 relative to conductor 2 is 
maintained by a connecting wire passing from 2 through a 
battery of voltage еу to conductor 1, and that a similar wire and 
battery of voltage ез connects 2 to 3. Then - 


V1 = е + % and Vg = ез F s. 
The connecting wires and batteries are assumed to have capaci- 


tance quite negligible compared with that of any one of the 
conductors 1, 2 or 3. The above equation becomes 


Qa = C121 + C2323 + (Cra + Coa + 63902. 
If we take 0, as the zero of electric potential for our problem, we 
have ф = Cial€1 + (Cos/ 013903] - 


We shall write g for the ratio Соз/Со, and then the equation becomes 


Qs = се + 063). 


Fic. 4. 


Ост., 1919. THE RADIO REVIEW I9 


This equation shows that when e, is increased by, say, one volt, 
the charge q4 can be maintained at its old value by reducing e; 
to the extent of one g-th part of a volt. In other words, as 
regards effect on conductor 2, one volt on 3 is worth g volts on 1. 
The number g may or may not be greater than unity—that 
depends on the electro-geometrical constants са and Cag, which are 
sometimes called “ mutual capacitances.” 

In order to make the matter less vague we may take a simple 
case. and perform the necessary calculations. Let the three 
conductors be spheres of radii 71, 7, Тәу separated by distances 
г, Y, 2, much greater than the radius of the largest sphere, as 
represented in Fig. 5. By a very fundamental principle of electro- 
statics the absolute electric potential of any sphere, say number 
1, is made up by algebraic addition of the 
scalar potential due to the charge on itself, of 
that due to the charge on 2, and that due to 
the charge on 3. Therefore 


1 


Similarly Фа = 1 T д2 3E da 
2 


On solving these equations for да we find (neglect- 
ing a constant factor not needed in our present 


: і Fic. 5. | 
application) that 
am Gram gs m а)" 


The coefficients of 71, Vg, Оз are capacity coefficients of the system, 
and by comparing with the general equation for да above we see 
that in our present problem 

( 1 1 ) 


—(i. 1). 
ies к 1 Ы аға 2) 
To prepare for numerical examples take r, = rg = 7, that is, let 
‘the spheres be of equal radii, then 


zy—r zy cx 
This result shows that, when the conductors are small compared 
with the distances between them, the value of g is equal to the 


c2 
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ratio of the distances of 1 and 3 from 2, and is independent of the 
distance of 1 from 3. For example, if z = 22, as in all the cases of 
Fig. 6, the value of g is 3, and, therefore, one volt applied between 
3 and 2 is worth three volts applied between 1 and 2, as regards 
effect upon the charge on 2. | 


е 
9 
9 
— 


Qe Ог Q--O: Oz 
Fic. 6. er 


In this discussion the conductor 1 is the analogue of the anode | 
of a triode, 2 corresponds to the cathode, and 3 to the control 
electrode. The charge q4 on the cathode, being equal to the 
number of lines of electric force ending on the cathode, may be 
taken as the measure of the average electric field near the anode. 
All this applies strictly to a triode when cold; but when the 
cathode is emitting electrons the presence of the space charge must 
have an effect—for instance, it is well known that the mutual 
capacitance between the electrodes of any ordinary triode valve 
is from two to four times as great when the space charge is present 
as when it is absent—and but for this effect we could assume at 
once that the charge 4; could be taken as a measure of the average 
electric field near the anode and also of the electron current leaving 
the cathode. The theory of any control could then be attempted 
in the manner sketched above. In particular, we could imme- 
diately make use of Maxwel's well-known solution for the 
shielding action of a grid of equal, parallel, evenly-spaced wires 
placed between and parallel to a plane anode and cathode (Max- 
wells * Electricity and Magnetism,” p. 248, first edition). The 
presence of the space charge, especially the dense portion near 
the filament, compels us, however, to adopt a direct method of 
calculation in preference to the method of quoting a geometrical 
formula and endeavouring to adapt it. 

(do be continued.) 
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The Radio Review: Its 
Policy and Aims. 


BY THE EDITOR. 


NGLISH-SPEAKING workers in the field of radiotelegraphy 
| oe long felt the need of a high class periodical, devoted 

entirely to the development of this branch of applied science. 
The literature of the subject is already very extensive, but it is 
scattered throughout a number of scientific periodicals, and it has 
been a matter of considerable difficulty for one interested primarily 
in radiotelegraphy to consult the various papers to which reference 
is frequently given unless he has convenient access to a good 
scientific library. The same difficulty is met with in the attempt to 
keep one's self informed on the current development of the subject 
in all its many aspects. This want has been increasingly felt during 
the last few years. Thedevelopmentsconnected directly orindirectly 
with radiotelegraphy and telephony have been so far-reaching, 
the amount of researeh work in connection therewith has been 
so great and so fruitful, and the number of people interested in 
the subject has so increased, that the demand for such a periodical 
has become imperative. 

With the happy termination of the war this demand will un- 
doubtedly become more insistent, and the moment seemed oppor- 
tune to launch this new venture with every prospect of success. 

The sole aim of the Rapio Review will be to record the scientific 
developments of radiotelegraphy, and of those branches of allied 
science which are related to that subject. 

It is our desire and intention to make the Каро Review аз 
useful as possible to all interested in radiotelegraphy. For this 
reason it has been decided to issue it monthly, in order that no 
delay may be experienced in the publication and dissemination 
of scientific information. 

In addition to original contributions, the magazine will contain 
a complete digest of the current literature of the subject in all 
countries, and translations of important papers appearing in 
other languages. For these to be useful it is important that they 
be up-to-date, and this will be made possible by the monthly issue. 

It is intended to devote a certain amount of space to corre- 


+ 
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spondence, and it is hoped that radio-engineers and scientific 
workers will take advantage of this opportunity of stating their 
own views and opinions, and of criticising those of others. 

Proceedings of scientific societies in so far as they are concerned 
with radiotelegraphy will be recorded. 

It is hoped that full use will be made of the Каро Review 
as a medium whereby all workers in the field of radiotelegraphy 
may communicate the results of their work and their opinions 
to their fellow workers, and to the ever increasing number of those 
interested in the subject. 

The scope of the Rapio Review will be kept as broad as 
possible. It will seek to cover the whole range of the subject, 
theoretical and. practical, physical and mathematical, electrical 
and mechanical. | 

We are undoubtedly approaching a time of great and important 
developments along all these lines. During the stress of war 
the theoretical investigation of the physical properties underlying 
the many devices which were evolved was necessarily postponed. 
Those best able to carry out such investigations were engaged 
on far less congenial but more imperative duties. These scientists 
are now returning to their laboratories with a great many problems 
needing research and elucidation, and, one may hope, with 
a Government and public more alive than of old to the necessity 
of supporting such investigations in every possible way. The 
coming period of reconstruction should, therefore, see a steady and 
increasing output of articles and papers recording- and discussing 
the results of this research work. | 

We must not be satisfied, however, with merely elucidating 
the secrets of nature; we must utilise the discoveries so made 
to the fullest possible extent. Before the war we were certainly 
behind Germany in the practical realisation of new discoveries. 
The war demonstrated very clearly the folly and danger of allow- : 
ing another country to take over the conceptions and inventions 
of British scientists and bring them to practical fruition, forming 
thereby the bases of new industries and the monopoly which 
comes from early and well-organised commercial development. 
It is essential that our manufacturers work hand in hand with 
our scientists and take up and seek to develop every scientific 
discovery, whatever the apparent difficulties may be. This will 
only be possible if manufacturing firms show a higher appreciation 
of the skilled scientist and of his work than they have in the past. 


ж 
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Nothing has contributed more to the enormous development 
of many of the -highly successful American and German manu- 
facturing concerns than their realisation of the importance of 
securing a large number of highly-skilled scientists and giving them 
every facility to carry out research work on an appropriate scale. 

As we said above, the Каро Review will cover both the 
physical and the mathematical side of the subject of radio- 
telegraphy. No radio-engineer is likely to underestimate the 
importance. of the latter. It is the sine quá non of organised 
progress in theory and of efficient design in practice. Until a 
phenomenon has been represented completely by mathematical 
symbols, its utilisation is dependent on intuition and on the 
primitive method of trial and error. It is only by their repre- 
sentation by relatively simple mathematical formule and curves 
that the many complex phenomena involved in radiotelegraphy 
can be comprehended and discussed. It enables one to come to 
decisions in a few minutes which would otherwise require hours ; 
it enables a man of ordinary attainments to arrive with certainty 
at a result which would otherwise require the intuitive insight 
of a genius. We trust, therefore, that non-mathematical readers 
will appreciate this when articles are published which appear 
to them to be too mathematical, and remember that the fault, 
if it be one, is probably not with the writer of the article, but 
with the phenomena, which are so complex that such treatment 
is essential to their elucidation. 

Radio-engineering involves many problems which are not 
electrical. In so far as they are not peculiar to radiotelegraphy, 
or to apparatus and machines specially adapted to radio- 
telegraphy, they do not come within the scope of the Rapiro 
Review. There are many mechanical problems, however, in- 
volved in the design of masts, guys, aerials, alternators, trans- 
mitting mechanisms, etc., which may properly be deemed to 
come within the scope of the Rapio Review, and which we hope 
to see discussed in its pages. | 

In conclusion, we wish to say that we shall welcome any 
suggestions which may be forthcoming with regard to possible 
improvements in the magazine. Its success will depend upon 
the whole-hearted support of radio-engineers and scientists and 
all those interested in the scientific development of radiotelegraphy 
and telephony. 

G. W. O. HOWE. 


24 THE RADIO REVIEW VoL. I. 


The British Association 
Meeting at Bournemouth 


Papers and Discussions of Radio Interest 
SECTION 4. 


REPORT or THE COMMITTEE ом  RADIOTELEGRAPHIC 
INVESTIGATIONS. 


During the past twelve months the war-time restrictions on wireless 
telegraphy have continued in operation. A few statistical records from 
British Colonial Radio Stations have been sent regularly to the Committee, 
and occasional information from other parts of the world has been received. 

In connection with the solar eclipse of May 29th the Committee arranged 
for the carrying out of experiments on the effect of the eclipse on signals 
transmitted across the central line. The British Admiralty stations at 
Ascension and Azores transmitted continuously during the transit of the 
umbra across the Atlantic Ocean. Observing stations north of the Equator 
were for the most part asked to listen to Ascension for at least an hour 
round about the time when the umbra passed between themselves and 
Ascension; observers south of the Equator were asked for the most part 
to listen to the Azores. Certain selected stations north of the. Equator 
were asked to listen to the Azores, so as to afford check observations upon 
the variations which might be observed in signals passing across the central 
line of the eclipse, and, similarly, selected stations south of the central line 
were asked to listen to Ascension. The American station at Sayville also 
transmitted a programme during a portion of the period of the eclipse, and 
arrangements were made for special experiments between Darien and the 
Falkland Islands, and between an Egyptian station and a South African 
station. 

The main portion of the experiment hinged upon Ascension. The umbral 
cone passed from west to east, and was expected to affect in succession the 
strength in which signals were received at such stations as Demerara, Jamaica, 
the stations on the coast of the United States and Canada, stations in Ireland, 
England, France, Italy, in the Mediterranean and Egypt. 

The following is a brief account of the preliminary reduction of the statistics 
received from various parts of the world :— 


The shadow of the moon struck thé earth first at dawn on the coast of 
South America, and swept across the continent in the course of half an hour, 
at first with enormous velocity, but losing speed as the Atlantic Ocean was 
approached. About the middle of the Atlantic Ocean, and near the Equator, 


Ост., 1919. THE RADIO REVIEW 25 


the speed of the shadow was about one-third of a mile per second. On 
crossing the African Continent from the Gulf of Guinea to the Mozambique 
Channel the speed gradually increased, and the eclipse finished at sunset 
near Madagascar. The effects of the moving shadow were investigated 
under three heads :— 

(1) Strays ; ; 

(2) Signals not crossing the denser parts of the shadow ; 

(3) Signals crossing through or near the umbra. 


Strays. 


These were bad: on the day of the eclipse and on the preceding day in 
Europe, North America and in temperate latitudes on the Atlantic Ocean. 
They were very few in Central and South America and in the central 
equatorial Atlantic. In Central America the conditions were exceptional 
meteorologically, the day having less rain than nearly every day of the 
preceding three weeks. The preliminary survey of the results recorded 
throughout the part of the globe reaching from Constantinople to Rio Janeiro 
suggests that there was no outstanding occurrence in regard to frequency 
or intensity of strays that could be directly ascribed to the passage of the 
shadow. 


Signals Not Traversing the Dense Shadow. 


Many observations were made in Northern Europe and America on the 
signals from the Azores, which were arc signals of 4,700 metres wave length. 
The observing points extended from Berlin, through Holland, France, Italy, 
Spain and Great Britain, to stations near the Atlantic coast of the United 
States. There were no unusual variations in the strength of the signals from 
the Azores. 

Another class of experiment comes under this heading. It was suggested 
by the effect sometimes observed at sunset or sunrise in which the twilight 
band, when on one side of a transmitting station, appears to strengthen, as 
if by reflection, the waves received at a station on the other side of the 
transmitting station. In order to test whether such reflections occurred 
during an eclipse, certain stations on the south of the central line of the 
eclipse were asked to listen to Ascension, which was also south of the central 
line. The stations at Durban and Port Nolloth (South-West Africa) found 
no trace of the effect, and, in fact, the former concluded that the signals from 
Ascension were rather worse after the eclipse began. An analogous experi- 
ment on the northern side was carried out by one of the Malta stations, and 
also at Rosyth, listening to Cairo, with similar conclusions. 


Effect on Signals passing Across the Central Line. 


Arrangements were made for the transmission of signals from the Darien 
Station of the Panama Canal zone, and several stations in South America 
attempted to receive the signals. The report from the Falkland Islands 
has not yet come to hand, and the other stations in South America did not 
succeed in picking up the signals. The only observations made on the 
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earlier stages of the eclipse are those of Demerara listening to Ascension. 
Fluctuations in signal strength are reported, but no steady increase or 
decrease in strength. Ships at sea within the penumbra report a strengthen- 
ing of all signals during the eclipse. The most striking results were obtained 
at some of the stations in France, Malta and Teneriffe. At Meudon and at 
Rousillon (near Lyons), the signals from Ascension were received practically 
only while the eclipse was in progress. Both Malta and Teneriffe found that 
the eclipse produced a great improvement in the strength of signals. On 
the other hand, Durban was unable to pick up Cairo, though this is usually 
possible; but Aden was picked up with greater intensity than normal. On 
the whole the records show that the improvement in signal strength reached 
its highest value long before the umbra intervened between the stations, 
and this value persisted after the umbra had passed; that is to say, if 
ionising processes are the cause of the change in the strength of signals, the 
results indicate that the processes are practically fully accomplished in a 
given region of the air before the arrival of the umbra at that place, so that 
there appears to be nothing left for the umbra to do in the few minutes of 
complete shadow it brings. 

The thanks of the Committee are due especially to the Admiralty for 
arranging that their stations at Ascension and the Azores, and at Cairo, 
should transmit the necessary signals ; and also to the American Government 
for making similar arrangements regarding Sayville and Darien. Thanks 
are due also to the American, French and Italian Governments, the 
Admiralty, the War Office, the Air Ministry and Marconi’s Wireless Telegraph 
Co., Ltd., for undertaking observations and recording the variations in 
signal strength. 


Discussion on Thermionic Valves. 


W. H. ECCLES, “ The Three-Electrode Thermionic Vacuum Tube and 
the Revolution in Wireless Telegraphy.” | 


During the war dark hints reached the civilian that a revolution was 
taking place in wireless telegraphy, the principal agent in which was reported 
to be an instrument called a “ valve,” a “lamp,” or a “ tube.” This instru- 
ment seemed to have risen suddenly into a predominant position among 
all the apparatus of the wireless experimenter and operator, and appeared 
to be of use in every corner of his outfit. The complete name of the instru- 
ment is the three-electrode thermionic vacuum tube. It must be emphasised 
that it is the three-electrode valve, and not the valve with two electrodes, 
that has been responsible for the overthrowing of the old methods and 
apparatus. That it has been a veritable revolution can be seen by comparing 
the common practice in wireless telegraphy of 1914 with that of 1010. In 
1914 practically all the most powerful transmitting stations in the world 
generated waves by sparks, and signals were received at nearly all stations 
by means of crystal detectors or magnetic detectors. The spark method 
of generating waves involved the use of very large antenne for spanning 
great distances ; and at receiving stations which wished to listen to stations 
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more than even 100 miles away very large aerial structures were customary. 
But if we look at the state of affairs to-day we find most of the high-power 
stations for long-distance transmission are “ continuous wave" stations, 
that is, they produce uniform uninterrupted waves instead of a series of 
short gushes made by sparks; while at the receiving end new modes of 
detecting these continuous waves appropriate to, and taking advantage of, 
their uniformity in character have been introduced. This is where the 
three-electrode tube, in various adaptations, enters the arena. Taken 
together, the improvements at both ends of the span have made possible 
the use of smaller antennz at transmitting stations, and have almost removed 
the necessity for any antenna at all at receiving stations. For example, 
under reasonable weather conditions, it is quite easy to listen to the messages 
coming from stations on the other side of the Atlantic by using a receiving 
circuit of which the receptive element is a small coil of wire, three or four feet 
square. Thus, so far as receiving goes, it is possible to intercept practically 
all the great stations on one half of the globe by means of apparatus con- 
tained wholly in one room, or even in a cupboard. This does not mean 
that the use of an antenna for reception is abolished ; on the contrary, when 
these highly magnifying methods are put into operation with large antenne 
for the purposes of reception, the range over which signals can be received 
is extended very far beyond what it was in 1913, and, in consequence, it is 
possible, under reasonably good weather conditions, to receive at the 
antipodes the signals from a modern high-power station. In accomplishing 
this the magnifications in use amount to several hundred-thousand-fold. All 
this is the work of a thing which looks like an ordinary electric light bulb 
with a few extra pieces of metal in it—the three-electrode tube. This is not 
all the story, for, when the tube is made in large sizes, it can be used for 
producing alternating current of high frequency and of considerable power, 
and then it can be employed for transmitting electric waves. Moreover, 
by giving another aspect to its functions, the triode can be used for modu- 
lating the alternating current just spoken of, and so for impressing upon 
the waves the human voice. In this way speech has been transmitted 
freely across the Atlantic, being received, it need hardly be said, at the 
distant end by the aid of other of the protean properties of the ubiquitous 
three-electrode tube. 

In passing, itis worth remarking that the process of thermionic evaporation 
is really a method of obtaining electricity from matter without the use of 
moving parts—that is, without machinery. Possibly it may lead to the 
long-sought-for method of obtaining electricity and power direct from fuel 
without steam boilers or engines or dynamos. In other words, the electric 
engines of the future may be based upon thermionic processes deriving their 
energy direct from coal. Before that time comes, substances may have been 
discovered from which the emission of electricity takes place more easily 
than it does from the refractory metals we most frequently employ in the 
filaments of three-electrode tubes. It is known already, for instance, 
that some of the earthy oxides are greatly superior to platinum or 
tungsten in this property of emission of electricity. A new condition 
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of matter, or a new substance, may be involved here and awaiting 
investigation. 

The development of the three-electrode tube from fundamental ideas 
can be traced a long way back. The use of auxiliary electrodes in order to 
influence the current passing between two main electrodes in a vacuum tube 
has often been proposed, and had to some extent been applied before the 
method of obtaining the electrons from a hot filament was introduced into 
wireless telegraphy. Even after the use of the third electrode had been 
combined with the use of a thermal source of electrons many minds and hands 
were needed, and many years elapsed before the researchers themselves 
realised how useful the contrivance was destined to become. 

As has already been hinted, the three-electrode tube (which will in future 
be called briefly а“ triode”) has found applications in every branch of 
wireless telegraphy and telephony, as will be shown shortly. There is no 
doubt it will prove equally useful in other branches of applied electricity 
and also as a tool in the hands of the experimental physicist. For instance, 
one fundamental property of the triode is that an electrical influence in one 
circuit may, by Acting upon the control electrode, be made to exert effects 
in another circuit without suffering appreciable reaction; which implies 
that practically no energy is absorbed by the control electrode, not even so 
much as would be used up in setting a galvanometer needle into motion. 
This property alone should make the instrument welcome as a tool in the 
physical laboratory. 

Then, again, the combination of triodes in cascade so as to obtain very 
large magnification opens up new regions of research by aid of the ear, and 
sanguine persons even anticipate that we shall some day hear the clatter 
of the collision of individual atoms with one another. Besides this, there is 
the fact that the triode provides a very convenient means of generating 
oscillations of exceedingly high frequency, which opens illimitable fields of 
measurement upon the properties of matter and of electric waves. 

Amplifiers using several triodes have been made in thousands during 
the war for use in earth telegraphy, in submarine listening, in telegraphy by 
certain invisible rays or by electromagnetic induction, as well as for use in 
wireless telegraph stations. Besides this, it is possible to build amplifiers 
for work at ten or twenty vibrations per second, using a vibration galvano- 
meter as the indicating instrument. The sensitiveness of some apparatus 
developed in my laboratory during the war is such that it is possible to detect 
with certainty alternating current corresponding to one ten-thousand- 
millionth part of a volt at the input side. Magnifications of the order 
twenty thousand times are here involved. This tempts one to revive old 
dreams of trans-oceanic telegraphy by means of alternating currents delivered 
into the sea at the ends of long cables. Calculation shows that by aid of 
a cable fifty miles long on each side of the Atlantic Ocean, capable of deliver- 
ing about forty amperes alternating current of frequency 20 —, telegraphic 
communication ought to be possible by aid of the three-electrode tube. 

Perhaps the uniform generation of electrical oscillations in a circuit by 
aid of a triode is one of the most striking and fascinating of its applications. 


е 
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Not that there is anything visible, for, in fact, rather special apparatus is 
required to tell that oscillation is taking place, and the interest excited is, 
therefore, scientific. 

It is usually found on analysing an oscillator that the maintenance of 
the oscillations largely depends upon the interaction of two portions of the 
circuit on each other. If it be arranged that these two parts can be separated 
so as to interact less strongly the oscillation becomes weaker. There is a 
critical setting where oscillations are just not maintained, and the system 
is poised in suspense, so to speak. When it is in this condition, a very 
feeble stimulus, if properly timed, can provoke the system into vibration ; the 
resulting display is energetic to an extent out of all proportion to the initial 
stimulus. Evidently enormous magnification is possible in this manner with 
а single triode. Its most important application is in wireless telegraphy, and 
many ships are equipped with this type of receiver. By its aid spark signals 
can be read at distances that are amazing compared with the old records. 

If any one tries the experiment just indicated to find what order of 
magnification is obtained by the sub-generative method, he will discover 
that, on passing gradually from this adjustment to the oscillating condition, 
other phenomena arise. If the incoming oscillations which he is trying to 
magnify are unceasing and uniform, and of nearly the same audible frequency 
as that natural to the oscillator, he will find that a throbbing appears in 
the formerly steady musical note of the telephone. The throb appears only 
when the input current is really being introduced into the oscillating system, 
and is more marked the greater the original strength of the current that is 
to be magnified; but the input necessary to produce a perceptible amount 
of throbbing is exceedingly small. It would seem that the input current, 
when it reaches the grid, becomes magnified, first by the more ordinary 
processes of the triode, and then combines with the local oscillations to 
produce what the musician calls ** beats," and then the beats are themselves 
magnified by circuits of the triode. В | 

As carried out in wireless, the operator at a receiving station sets his 
apparatus near the wave length he desires to receive, and then causes his 
triode to sustain his circuits in oscillation. The waves from the distant 
station, acting upon his antenna, produce minute currents in the antenna 
which are transformed so as to apply an electromotive force to the grid of 
the triode. The result is an audible note in the operator’s telephone each 
time the key of the transmitting station is depressed, provided, of course, 
the frequency of the receiver is near enough to that of the incoming waves. 
He can adjust the local frequency at will, and make it very near to the waves 
or very different from them; these adjustments alter the pitch of the beat 
note, and he chooses the more agreeable and efficient setting for the reception 
іп hand. This process of receiving continuous wave signals on an oscillating 
circuit is called autoheterodyne or, sometimes, endodyne reception. Circuits 
can be designed in which a change of capacity of about one-thousandth part 
of the electrostatic unit can be detected; and in such circuits the change 
of capacity produced, for instance, by substituting coal gas for air in a 
condenser, is measurable with facility. 
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C. L. FORTESCUE.—The interest in the thermionic valve lies partly 
in its application and partly in the underlying physics of its action. 

The application is mostly concerned with the use of the valve as a finished 

article in combination with various electrical circuits. The problems 
encountered are similar to, or often merely variations of, the ordinary 
problems of electrical engineering, and, as such, are essentially matters for 
discussion at the meetings of Section G of the Association. When the 
engineer begins his work, the valve is a piece of electrical apparatus having 
certain definite electrical properties which it is his duty to make use of to 
the best effect. 
То the physicist, however, the main interest lies in the valve itself, and 
to a large extent the keenness of this interest is due to the fact that there is 
no widely used piece of electrical apparatus depending so directly on the 
most recent research work on the structure of matter. It is probable that 
there is no other sphere where research work has had such a combination 
of immediate practical value and intense theoretical interest. 

Several papers dealing with the application are being read before the 
Association. In these papers the advantages of the valves for the various 
purposes for which they are used are fully explained. Results are obtainable 
by means of the valves which cannot be obtained by any other device—or, 
at any rate, not with equal facility. It must not be assumed, however, that 
the valve has reached finality ; that further improvement and development 
is not to be expected. This is very far from being the case. The valve is, 
in fact, still in childhood, a somewhat precocious childhood possibly, but 
certainly little more than that. 

At the moment the popular cry is for Research and more Research. 
Research of the organised and industrial nature; and Research of the un- 
organised and spasmodic type, as carried out by the inspired genius. 

In the valve there are fields of research for both these types, fields which 
are possibly more of interest to the physicist in consequence of the new 
information which may be forthcoming than in consequence of any improve- 
ment to the valves that may be effected. It seems highly appropriate, 
therefore, to consider before this Section some of the possible lines which this 
research might take. | 

The filament of the valve, being the source of free electrons upon which 
the whole action depends, may reasonably be the first part to be dealt with. 
As far as the available information goes at present, the process of emitting 
free electrons appears to be somewhat as follows:—The filament is a con- 
ductor, and moving in the interstices between the atoms are a large number 
of electrons which are free in the sense that they can move with relatively 
little constraint amongst the atoms, but are not free in the sense that they 
can be dragged away from the conductor either in air or in a vacuum with 
electric fields of ordinary magnitude. The fields in the inter-atomic spaces 
are very intense, and although they more or less balance out inside the 
conductor—so allowing the electrons to move along the conductor with some 
freedom under weak fields—they effectively prevent electrons from being 
drawn away from the boundary surfaces. The average kinetic energy of 
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the electrons is apparently the same as that of a molecule of a gas at the 
same temperature. As the temperature is increased the mean energy 
increases according to the usual gaseous laws. Some electrons at some 
periods have, momentarily, energy far in excess of this average. Hence, as 
the temperature is increased, a state is reached where an appreciable pro- 
portion of the electrons near the surface become possessed of sufficient 
energy to break away from the attractions of the surface atoms, and so 
become free electrons in the sense that they can be drawn away by the 
application of electric fields of quite ordinary magnitude. At any particular 
temperature it is probable that the distribution of energy is the usual Maxwell 
distribution. So if a definite energy is required to enable the electrons 
to break away from the surface, it follows that, as the temperature is raised, 
the number of electrons escaping increases very rapidly. The full theoretical 
treatment may be found in Professor O. W. Richardson’s monograph, “ The 
Emission of Electricity from Hot Bodies.” | 

In practice, the hot conductor now most largely used is a filament of 
tungsten heated by passing a current through it, but it is by no means an 
ideal source. It is very liable to damage during the exhausting process, and 
it is highly inefficient. The electrons that break through the boundary 
appear to require energy corresponding to about four and a half volts. Now, 
with an ordinary filament, an optimistic estimate of the watts required to 
heat the filament for an emission of one ampere of free electrons is 100. 
This ampere of electrons absorbs energy at the rate of about four and a half 
watts, the remaining ninety-five and a half being radiated as ether waves 
or conducted down the filament supports—principally the former with the 
large valves. The efficiency of the filament is thus about 44 per cent., and 
it immediately becomes a matter for consideration as to whether this cannot 
be improved upon. 

Numerous possibilities suggest themselves; first and foremost, is tungsten 
the best material? It is well known that surface contamination of the 
filaments will reduce the emission for a given temperature. On the other 
hand, the addition of certain oxides similar to those used in the Nernst 
filament will greatly increase the emission. Is it, therefore, not possible to 
find some alloy of tungsten, or some mixture of tungsten and oxides, having 
an efficiency far above that of the filaments now in use? Possibly some 
entirely different substance could be used where the energy required for an 
electron to break through the boundary is much less than the four and a half 
volts of tungsten. It is well known that a lime-coated filament will give, 
for a time, a large emission at a surface temperature in the neighbourhood 
of 1,000? C., whereas, for tungsten to give the same emission, a temperature 
in the neighbourhood of 2,000? C. is required. Could not the improvement 
be carried further with careful investigation ? 

The oxide-coated filaments used up to date are fragile, and more liable to 
damage during exhaust than are the tungsten ones. The cause of this 
damage is, undoubtedly, the bombardment of the surface by positive gaseous 
ions. What is the nature of this damage? Is it purely mechanical, con- 
sisting of atoms or groups of atoms being, as it were, chipped off ? Apparently 
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this is the case, and apparently the conditions are unstable in that the 
chipped area emits more freely, and so attracts more positive ions. Cannot 
this damage due to bombardment be overcome ? | 

Many of the lime-coated platinum filaments lose their power of emitting 
electrons after a time. There is some evidence of the surface developing a 
cracked appearance like that of dried mud. The surface layers, though at 
a high temperature, have probably little of the heating current passing 
through them when the cracks have developed. Has this anything to do 
with the falling-off of the emission, or is the deterioration connected with 
impurities in the lime, which are gradually evaporated away or broken up 
chemically ? 

Then, again, if research shows that the energy limit cannot be very much 
reduced, is it possible to use still higher temperatures? The efficiency of 
the tungsten filament increases with increase of temperature, owing to the 
increase of the number of electrons possessing sufficient energy to break 
away being more rapid than the increase of the energy radiated. Presumably, 
the same holds for all substances. If a higher temperature is to be used, 
carbon seems to be the only possibility. That being so, is it impossible that 
means should be devised of making a carbon filament that does not lose its 
adhesion at temperatures higher than those at which tungsten is used at 
present? If such a filament could be constructed, it would revolutionise 
the lamp industry ! 

The use of a filament heated by passing a current through it is in itself 
objectionable in that it means that different parts of the emitting surface 
are at different potentials. This difference of potential may have an 
appreciable effect on the characteristic curves of the small low-voltage 
valves. Some form of separate heating suggests itself, but the difficulties 
to be overcome in order to secure a high efficiency and a cheap construction 
are very great. 

Any method of freeing the electrons by thermal agitation has the further 
disadvantage that the electrons are emitted with varying velocities. This 
causes a rounding off of the corners of the characteristic curves, and materially 
affects the action of the valves when used for limiting or as sensitive rectifying 
detectors. е 

Possibly there тау be alternatives to the method of thermal agitation. 

Photo-electric methods suggest themselves, but at present the emission 
currents are small, and the over-all efficiency is much less than that of the 
thermal method. Moreover, the electrons are still, apparently, emitted with 
varying velocities. 

Finally, there is the question, ** If the electrons have to be given energy 
corresponding to from two to five volts, is it in any way possible to give 
them this energy without so accelerating them that a far greater amount of 
energy is radiated?” That is to say, is not the process a fundamentally 
inefficient one; at any rate, at the temperatures at which the materials 
known to-day can Бе used. It would appear that this problem should be 


amenable to mathematical treatment. 
Passing on to the grid electrode, several questions present themselves. 
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An extremely important one in the small receiving valves is that of 
the contact potential between filament and grid. It is believed that this 
point is being touched upon more fully by others taking part in this 
discussion. 

Then there is the combined mathematical and mechanical question of the 
best form of the grid electrode. Numerous forms of this electrode have been 
described in patent specifications and elsewhere; notably in a specification 
of the Western Electric Company. 

Some of these forms are possibly amenable to approximate mathematical 
treatment, and, if they have the additional virtue of mechanical simplicity, 
the results would be of value. 

At the positive electrode the outstanding problem is that of the occluded 
gas. In point of fact, it is not the positive electrode only that is involved. 
During exhaustion, and when in use, gas may be liberated from any of 
the electrodes or from the inner surface of the containing envelope. With 
a high-vacuum high-voltage valve, where the gas pressures are in the neigh- 
bourhood of one ten-thousandth of a millimetre of mercury or less, a very 
minute quantity of gas will lead to appreciable ionisation effects, with the 
consequent instability and rapid destruction of the filament. 

The term “ occlusion ” is used to describe the various ways in which gases 
may be retained in matter in the liquid and solid state. In the present 
instance the interest lies in the retention of the gas in the solids. Three 
clearly distinguishable processes appear to be involved, viz. :— 


(а) There may be minute blowholes, or the remains of blowholes, where 
some gas has been entrapped when the solid last passed from the 
liquid to the solid state. This gas might have come from the atmo- 
sphere of the furnace, but more probably it was gas which was 
originally in solution in the liquid. | 

(5) The solid may consist in part of actual chemical compounds which 
decompose and liberate gas under heat treatment or under electron 
bombardment. 

(c) There are the allied phenomena of surface absorption, solid solution 
in the crystals of the solids, and the retention of the gases in the 
amorphous intercrystalline layers. 


The first two of these three possibilities are not, probably, of serious 
import. Preliminary heat and vacuum treatment will remove most of the 
gas ever likely to be liberated in these ways from the metal portions of the 
valves, and there does not seem to be any evidence to show that gas is 
liberated from the glass from either of these causes. It is the phenomena 
of the third category that present the difficulties. 

The problem is either to remove these gases or to treat the surface so that 
the gas cannot escape whilst the valve is in use. | 

The present procedure is of the sledge-hammer type, and merely consists 
of exposing the valve to a higher temperature and a heavier bombardment 
whilst the valve is connected to the pump than it will ever experience in 
actual use. The gas coming out under these conditions is pumped away, 
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and itis piously hoped that so long as the working conditions are less stringent 
no further gas will be evolved. 

Presumably the absorbed surface layer will be removed by this treatment. 
The extent to which the gas is removed from the crystals and the inter- 
crystalline layers is doubtful. Presumably it is a question of time, If so, 
.£., if diffusion in the solid is appreciable, why does not some of this gas find 
its way to the outer surface, if an exhausted valve is left cold for, say, a 
month? Valves are occasionally observed to “ go soft ” if left in this way. 
Usually this is attributed to a minute leak, but there is no conclusive proof 
that this is the case. An examination of the spectrum of the gas in such a 
valve should settle this point, but no such examination appears to have been 
carried out up to date. It is well known that if the gas has been thoroughly 
removed from the electrodes of a valve, and if air is readmitted, then gas is 
reabsorbed by the electrodes. But unless the electrodes have been re-exposed 
to the air for a lengthy period, the absorbed gas is quite easily removed. 
Presumably it is the outer absorption layer that is involved in this case. 
But the question immediately arises, * For how long can the metal be 
exposed before the gas becomes difficult to remove again ? ” 

The examination of the gases given out after the exhaustion was com- 
pleted is a matter of intense general interest to physicists, and has brought 
out certain results which require a good deal of explaining. Two methods 
have been used, viz. :— 


(1) Spectrum analysis. The valve was overloaded and the “ blue glow ” 
examined by means of a spectroscope. Many characteristic lines 
were observed, and many gases, such as Ar and CO, were clearly 
identified. Some of the spectra were, however, unusual. 

(2) Ionisation potential. The grid and the positive electrode were con- 
nected together, and the voltage between them and the filament— 
the latter being negative—was gradually raised, careful observation 
of the current being made. The curves of current and voltage were 
then plotted. These curves follow Langmuir’s 3/2 power law up to 
certain clearly defined points where ionisation sets in. These points 
are indications of the nature of the gas present. But the voltages 
at which ionisation sets in are quite different from the usually 
accepted ionisation voltages. One gas has not yet been identified, 
and still goes by the name of ** electrode gas.” 


It is hoped that others taking part in this discussion will enter into -this 
question more fully. Why are the spectra unusual? Why are the ionisation 
potentials abnormal? What is the “ electrode gas”? 

Many interesting phenomena are observed with the traces of residual gases 
always present even in the hardest of tubes. After running for some time 
with a given electron current to the positive electrode and a given voltage, 
a steady value for the pressure of the residual gas may be reached. If now 
the voltage is increased, but not sufficiently to overheat the positive electrode, 
the tube will harden, 7.¢., some of the residual gas will be ровот. On the 
other hand, if the voltage is reduced, and particularly if the filament is 
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simply heated without any voltage being applied to the positive electrode, 
the amount of residual gas will increase. 

These effects are well known to radiologists, and various suggestions are 
put forward in explanation. But from the point of view of the development 
of the high-power valves, the whole problem requires careful investigation. 

The fact that an increasing voltage at the positive electrode hardens the 
valve leads to the conclusion that the effects are due to the action of the 
ionised gas. At these voltages the ions are positive, and their observed 
disappearance must be due to their being driven into the hot filament, or 
into the walls of the containing vessel. If they are driven into the filament, 
how are they retained with the filament at 2,000°C.? Is any chemical 
action involved, or is it the same process as the occlusion in the positive 
electrode? Or is it only the walls of the containing vessel that absorb 
the ions ? 

A suggestion has been put forward by Dr. G. B. Bryan, of the Physics 
Laboratory, at R.N. College, Greenwich, that the occlusion of the gases and 
the emission of positive ions from metallic surfaces at moderate temperatures 
are closely related. He visualises the process as follows: Some proportion 
of the gas to which the electrodes are exposed will probably be ionised 
hydrogen. A positive hydrogen ion is a very small heavy projectile with 
considerable powers of penetration. On striking the surface of a solid it 
will pass through the outer surface and pick up an electron, so becoming 
neutral. Now, however, it is a large body entrapped in among the atoms of 
the metal and unable to escape under ordinary conditions. But at moderate 
temperatures the electrons may be shed again, and the positive ion, being no 
longer encumbered by the outlying electron, can escape, so constituting the 
positive emission. One peculiar fact has frequently been observed by Dr. 
Bryan when exhausting a valve, viz., that a small liberation of occluded gas 
will give rise to a greater tendency to arcing than the introduction of a much 
greater quantity of ordinary air. If the gas liberated from the electrodes is 
already ionised, the observation is immediately explained. 

This theory is a very interesting one, and is one on which some light could 
be thrown by the entire removal of all traces of hydrogen. At present, 
however, it has never seemed possible to do this, as such extremely small 
quantities are involved ; and possibly other ionised gases may be entrapped 
in the same way. If it is the outer electron that is lost, this would seem to 
be quite possible. 

Many interesting questions arise in connection with the outer envelope. 
Glass is almost universally used owing to the fact that it is the only material 
combining high insulating properties with ease of making vacuum-tight joints 
with conducting wires or strips. But glass has many disadvantages, par- 
ticularly for the large power valves. It is a brittle material liable to failure 
under mechanical shock. But worse than that is the liability to cracking 
when subjected to change of temperature. 

Again, like metals, glass has the property of occluding large quantities of 
gas, which it gives up when heated. This has to be eliminated as far as 
possible, by “ cooking ” during the exhausting process. For small valves 
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not liable to appreciable heating in use this presents no serious difficulties ; 
but with high-power valves, where the bulb gets really hot when in use, 
there is always the risk of more gas being liberated. 

The relatively low temperature at which glass of the ordinary kind softens 
makes it impossible to heat up the metal electrodes by external means to the 
temperature necessary for the removal from them of the occluded gas. 

With certain kinds of glass, too, slight chemical action not infrequently 
takes place at the seals when subjected to high temperatures, which may 
lead to the seals ceasing to be vacuum tight. | 

Finally, a disadvantage with glass for use with power valves where the 
positive electrode is at a bright red or yellow heat is that it is opaque to the 
infra-red radiation. If it would allow this energy to pass through, the 
heating of the bulb could be much reduced and the size and expense would 
be correspondingly less. 

One obvious alternative to glass is fused silica. The trouble of cracking 
due to temperature change does not exist. There is no difficulty, apparently, 
in working up to the high temperatures. The great problem of sealing in 
the conducting wires remains, however, an uncertainty. Many methods 
have been suggested, but, as far as is known, none of them have been used 
on a large scale with high vacuum apparatus subjected to considerable 
changes of temperature. 

De Forest, in an American patent specification (No. 100959/1917), has 
described a valve made up of a double metallic container, with mercury to 
assist in securing vacuum-tight joints. With this arrangement the leads to 
the grid and filament electrodes are thoroughly insulated from the outer 
metallic container, which is used as the positive electrode, 

Here, again, is the difficulty of the vacuum-tight joint. At high power 
the smallest trace of mercury vapour leads to disintegration of the filament 
from the heavy bombardment with positive mercury ions. 

If a really flexible cement could be devised that would secure.a vacuum- 
tight joint between two materials of different co-efficients of expansion, and 
which would withstand temperatures up to, say, 300° C., a design of power 
valve on the general lines of De Forest’s patent would be possible. Once 
this was accomplished, and once the difficulty of occluded gas was overcome, 
all limits to the output of the transmitting valves used for wireless telegraphy 
and telephony, other than that of power available, would be removed. No 
longer would it be necessary to put up with the unsatisfactory and tricky 
arcs where high powers are required, and a valve giving an output of 500 k.w. 
would become quite feasible. It is interesting to note that such a valve 
would require a free-electron emission of some thirty or forty amperes— 
and it is only a few months ago that the habit of measuring free-electron 
currents in microamperes was given up! l 

All the foregoing remarks have presupposed a valve of the same general 
type as that now in existence. The function of a valve is essentially that 
of a relay, and its fundamental advantage lies in the fact that its moving 
parts consist of free electrons. The three-electrode tube is one way of 
making use of the electron stream so as to get the relay action. Isit the 
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only way? In Нав dynatron the electron stream is used in a different 
manner, and, for some purposes, may have advantages over the ordinary 
three-electrode type. This is one alternative. Are there no others ? 

With the power valves the present method of operation gives an efficiency 
—neglecting the filament watts—of about 75 per cent. under the best 
conditions. Is there no way of improving this ? 


B. 8. GOSSLING.—A considerable number of physical phenomena, 
besides the actual thermionic emission and the effects of the mutual repulsion 
of the emitted electrons, are observed to enter into the action of the valve. 
These include the Maxwell distribution of velocities amongst the electrons, 
the contact potential between the filament and the grid, the composite 
electric field produced near the filament by the grid and anode, and by the 
difference of potential between the two ends of the filament, and also the 
orbits described by the electrons in the neighbourhood of the grid wires. 
The pressure of the residual gas present is usually reduced to a point 
(e.g., ОО001 mm.) where the ionisation produces little effect on the space 
current. 

Test observations on very large numbers of valves were made during the 
war, the final rate of production of valves having been about 500,000 per 
annum. These observations indicate the range of probable variation of the 
various factors, confirm earlier purely scientific work, and provide a basis for 
further investigations. | 

In the valves handling higher powers the important phenomena are few 
and simple. Complete prior information, theoretical and numerical, as to 
these being available, the necessity for experiment was in large measure 
avoided and development much accelerated. 


Dr. WHIDDINGTON opened his remarks by alluding to the difficulty 
of adding much in a few minutes to what had already been given so 
admirably by the three previous speeches. He thought, however, that 
it might be useful to draw attention to a few of the possibilities of the valve 
in the physical laboratory. Taking, for example, the well-known typical 
oscillating circuit alluded to by Professor Eccles, it could be shown, 
theoretically, that it was only when the mutual induction M between grid 


and anode coils was greater than (2 + RC) that the oscillations of period 


Әт ^/ LC, natural to the circuit, were initiated and sustained. 

In this formula L, C and R were the usual constants of the periodic circuit, 
p was the valve resistance, and & the amplification factor of the valve. 
This gives at once a method of determining the value of M between two 
coils, for if one is connected between grid and filament, the other between 
anode and filament, and a condenser, C, placed across the anode coil and 


adjusted till oscillations are just not sustained, then (very nearly) M — 24 
Captain Turner had produced а relay valve on this principle. 
M was, in his arrangement, just less than ——. A signal incident on the 
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system upset the balance and produced oscillations, thereby slightly in- 
creasing б and making the oscillations permanent ; the relay, in fact, was not 
self-restoring, and had to be restored to quiescence mechanically, as, for 
example, by a Post-Office relay in the anode circuit. But from the above 
formula it is clear that, if a wire of positive temperature resistance co- 
efficient be included in the oscillating circuit, then, as soon as oscillations 
are produced, the wire gets hot and its resistance rises, if a suitable choice 
has been made, to such a value as to extinguish the oscillations and make 
the relay self-restoring. 

Professor Eccles had pointed out the extreme sensitiveness of heterodyne 
reception at wireless frequencies, giving as an example the effect of passing 
coal gas in place of air between the plates of the air condenser used in his 
experiments. Dr. Whiddington said that in addition he had demonstrated 
the change of resistance with temperature of conducting wires, the con- 
ductivity of flames, the permeability of liquids, etc., and he thought that 
many interesting quantitative investigations along these lines could be 
usefully carried out. 

Str OLIVER LODGE and Dr. W. MAKOWER briefly discussed the 
use of radioactive processes in valves; and Mr. S. G. BROWN referred to 
recent experiments with lime-coated cathodes. 


Wireless in the Royal Flymg Corps. 
By MAJOR Т. VINCENT SMITH, R.A.F., M.C., М.1.Е.Е. 


This paper dealt with wireless in what was the military wing 
of the R.F.C. on the Western Front during the first three years 
of the war, and detailed the history of this work up to the time 
of the amalgamation of the R.N.A.S. and R.F.C. into the Royal 
Air Force. 

It showed the state of knowledge at the beginning of the war, 
and the gradual progress made in the building up of an immense 
organisation. The experiences of early days, the difficulties 
which arose, and how they were overcome were described in 
detail. Improvements in apparatus, methods, organisation, and 
their effect upon operations were shown, and the technical means 
whereby the enemy was beaten were discussed. 

The important work of the R.F.C. in co-operation with artillery, 
infantry and cavalry would have been practically impossible 
without wireless. The introduction of thermionic valves for 
reception, transmission, inter-aeroplane telephony and directional 
wireless were touched upon, though the war ended before their 
influence had time seriously to effect the final operations. 
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The story of wireless in the R.F.C. is a collection of details, 
each one small in itself, but the combined whole shows how the 
many difficulties inseparable from an ever-increasing demand were 
overcome in a way which earned the respect of the enemy. 


A Wireless Method of Measuring the Ratio e/m. 
Ву В. WHIDDINGTON, M.A., D.Sc. 


This paper deals with the use of a valve to measure the ratio of charge 
to mass for electrons and ions. It will be given in full in our next issue. 


Diffraction of Electric Waves. 
By PROFESSOR С. N. WATSON, F.R.S. 


This paper will be dealt with in the November issue of the Барто 
REVIEW. 


SECTION G. 
Directional Wireless, with Special Reference 


to Aircraft. 
By CAPTAIN 9. ROBINSON, R.A.F., M.Sc. 


This paper, read before Section G of the British Association Meeting at 
Bournemouth, is merely a brief summary of more technical, papers by the 
. same author, which we are publishing in full in succeeding issues of the 
Rapiro Review. i 

The following 48 an abstract of the paper as presented at the meeting :— 


(1) The ordinary methods of navigation which are used for ships at sea 
are not sufficient for aircraft, as the conditions as regards drift are of an 
entirely different order. It is thus necessary to use some other means for 
determining position in the air. Drift is of a very large magnitude in the 
air, and by night, or in fogs, it is very often impossible to apply dead reckoning 
methods. The use of wireless bearings is the most hopeful method of 
progress, as bearings can be obtained with considerable accuracy. 

The systems for determining bearings that were known at the beginning 
of the war were :— 

(z) The single coil method. When such a coil is rotated about a vertical 
axis the intensity of the wireless signal varies from zero to maximum, being 
zero when the plane of the.coil is at right angles to the direction of the 
incoming waves. 

(b) The Bellini-Tosi system. This system used two fixed loop-aerials at 
right angles to each other, the moving part being a small coil rotating between 
two coils at right angles, which are in the circuits of the two fixed aerials. 
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(c) The Telefunken clock. 


(2) There are two distinct methods of employing wireless bearings in order 
to determine position :— | ! 

(2) By the first method the machine transmits, and the direction-finding 
stations are on the ground. Each direction-finding station finds the bearing 
on the moving object and communicates its bearing to a central station. 
There the position of the moving object is worked out from the various 
bearings and re-transmitted to it. 

(Р) By the second method the moving object, either aircraft or ship, has 
its own direction-finding apparatus, and finds bearings on fixed transmitting 
stations. 

As regards aircraft, method (4) was used largely by the Germans. This 
method has considerable drawbacks, the first being that, in case of war, 
when the aircraft transmits to ask for its position, this is also disclosed to the 
enemy. 

Secondly, ошу very few aircraft can be dealt with, as a considerable 
amount of transmission is required for a single aircraft to find its position. 
In consequence it was decided to attempt to use method (b) in the British 
Air Service. 

(3) Royal Air Force system. In attempting to apply direction-finding 
systems to aircraft it was found that considerable modifications to the 
known systems had to be applied. The single coil and Bellini-Tosi systems 
are what are called minimum systems, t.e., in order to determine the bearing 
one finds the minimum by swinging the coil through this position until the 
signal is heard on both sides. On aircraft, as there is considerable extraneous 
noise, the region of this minimum is widened, and, in consequence, the 
accuracy of the system diminishes. It is necessary to use a system where 
signals can be heard whilst the bearing is taken. The system devised is 
to use two coils at right angles, which can be rotated together on a vertical 
axis. One coil alone is used first, and the system ШАШ Е be somewhere 
near the maximum of this single coil. Then the second Coil is introduced, 
and its effect added to or subtracted from those of the first coil. If the first 
coil is correctly on its maximum, then the second coil will be on its 
minimum, and thus there is no change of intensity on adding or subtracting 
the effects of this coil by a reversing switch. This method enables bearings 
to be taken whilst the signal is heard, and it is easy to see that it can be 
applied to any system which has hitherto been a minimum system. Having 
devised this system, there were other problems to be solved. 

(а) One was to obtain efficient strength of signals. It was uncertain as 
to whether loops could be obtained of sufficient size to give loud enough 
signals to hear over the noise of the engine. 

(6) The Bellini-Tosi system was considered to be too complicated, as at 
that time it was necessary to tune the two aerials to exactly the same fre- 
quency, and unless this system is very carefully installed fairly large errors 
are introduced. 

_ (4) It was hence decided to use the rotating aerial system. This was done 
in two ways. i 
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(a) The wing coil system. In this case the aerials are fixed rigidly to 
the aeroplane, which has to be rotated in order to determine the bearing. 
This system is particularly useful in the case of flying towards an objective 
where there is a wireless station. One particular example is where a wireless 
station exists at the aerodrome, and the machine can thus return home by 
merely heading to this wireless station. 

(5) The rotating coil system. In this case the rotating coils are placed 
in the fuselage, and are rotated independently of the machine. This is 
particularly useful on the larger type of aeroplane, and enables position to 
be determined whenever a sufficient number of transmitting beacon stations 
can be heard. 

(5) Considerable difficulties had to be overcome to bring the R.A.F. 
system to a stage of perfection. 

(a) The extraneous noises on an aeroplane are considerable, but, besides, 
there is a far greater disturbing influence in the electrical disturbance due 
to the magneto. This produces considerable noise in the telephones, and 
cannot be overcome by amplifications of signal strength. It is necessary 
to cut out this electrical disturbance. The cause of this disturbance was 
traced to the emission of very short waves by the magneto, the wave length 
being of the order of from five to thirty metres. It is possible to use short 
wave stoppers to cut out these waves, but by far the most efficient method 
of eliminating this disturbance is to screen the whole magneto system. 

(D When using the fuselage coil system it was found that corrections 
had to be applied for the deviation produced by the metal work of the air- 
craft. These corrections can be determined by swinging the aircraft in a 
similar way to the swinging of a ship to adjust the compass. 

(6) In addition to the preceding difficulties there is another trouble in 
the variation of bearings produced by atmospheric influence. The extent 
of these variations is not large, possibly never more than about 3? when 
using waves of 2,000 metres and upwards. The problem of this variation 
is one that should be investigated at an early date. The R.A.F. system of 
D.F. gives means for recording these variations very accurately. The 
sensitiveness of this system is under control, and depends on the ratio of 
the area-turns of the two coils. It is possible to design coils so that the 
system is sensitive to 1. This is the case when the minimum coil has its 
area-turns about eight times those of the maximum coil. With such a 
System it is easy to conceive an automatic arrangement, so that the variations 
in bearings can be automatically recorded. 

(7) Excellent results have been obtained with the R.A.F. system of wireless 
navigation. A large number of flights have been made, and it has been 
found that the mean error of bearing is 12° when using beacon stations whose 
distance varies from 20 to 500 miles. Under these circumstances, when 
three beacon stations are available, the mean error in determination of 
position was found to be seven miles. 

Flights have been made purely by wireless navigation. One particular 
flight was made from Biggin Hill to Paris, and back from Paris to Brighton. 
In both of these flights the machine was above the clouds most of the time. 
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Position was determined by wireless bearings, and the course was set or 
altered from these determinations. The navigator was in a position so that 
he could not look out of the aeroplane, and he was able to determine the 
force and direction of the wind and to forecast the time of arrival at his 
destination within two minutes. 


The Three-Electrode Thermionic Valve as an 
Alternatin$ Current Generator. 


By PROFESSOR С. І. FORTESCUE. 


A Method of Using Two Triode Valves in 
Parallel for Generating Oscillations. 


By W. H. ECCLES, D.Sc., and Е. W. JORDAN, B.Sc. 


A Trigger Relay Utilising Three-Electrode 
Thermionic Vacuum Tubes. 


By W. H. ECCLES, D.Sc, and F. W. JORDAN, B.Sc. 


The above papers will be dealt with in the November issue. 


The Wireless Society of London. 


We understand that the above Society shortly hopes to resume its activi- 
. ties. A committee meeting, under the presidency of Mr. A. A. Campbell 
Swinton, F.R.S., was held on July 24th, and further preliminary meetings 
are now being arranged. The Society is open to all interested in the study 
and furtherance of wireless telegraphy. The new secretary is Mr. L. 
McMichael, 3o, West End Lane, West Hampstead, N.W. 6. 

The services of the Advisory Committee of this Society are again being 
accepted by the Post Office in connection with the issue of Experimental 
Licences for Radio work. 


“ 
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Review of Radio Literature 
1. Abstracts of Articles. 


Note.—Zi is intended to devote the space 1n thts section of tbe Клото REVIEW 
to as complete a review as possible of the published literature of radiotelegrapby 
and telephony, and kindred matters. The more important of these papers and 
articles will be given in abstract, while, for the remainder, references will be given, 
accompanied. by one or two lines.to indicate the contents of the article. In this 
way it 1s hoped to obtain a complete monthly record of the progress of the science, 
and of the latest developments and inventions relating thereto, that should be of 
considerable value to all research workers and students of the subject. 


I. On THE ABsoLUTE MEASUREMENT OF THE TIME PERIOD OF 
Н.Е. Озсплалтонз. Ву H. Abraham and Е. Bloch. 
(Comptes Rendus, 168, p. 1105, June, 1919. Rev. Gen. de 
P Elec., 5, p. 855, Abstract.) 

The precise determination of the wave length of high frequency electric 
oscillations is of great importance for the calibration of wavemeters and for 
all H.F. measurements. The use of standard inductances and condensers 
to construct a circuit of known wave length does not permit of an accuracy 
greater than I per cent. The method described by the author involves the 
direct comparison with a tuning fork standardised by comparison with a 
standard clock. A source of electric oscillations rich in harmonics is then 
adjusted (by the method of beats) to have' the same fundamental frequency 
as the fork, while one of its higher harmonics is then compared with the high 
frequency oscillations. Special arrangements of three electrode valves are 
used for the comparison source of oscillations, giving harmonics up to 
200—300 times the fundamental frequency. The accuracy obtainable is. 
claimed to be closer than o'r per cent. 


2. ELECTRICAL OSCILLATIONS IN ANTENNAS AND INDUCTANCE 
Cors. By J.M. Miller. (Proceedings Inst. Radio Engineers, 
7, рр. 299—326, June, 1919.) 

The author applies the theory of circuits having uniformly distributed 
electrical characteristics to the problem of the electrical oscillations in aerials 
and inductance coils. A number of errors in the interpretation of previous 
applications of the theory are pointed out, and the effective inductance, 
capacity and resistance of aerials are calculated, with and without series 
loading coils or condensers. Putting C, = capacity of aerial per unit length, 
L, = inductance per unit length, №, = resistance per unit length, l = length, 
C, = С, Lo = 11, and Во = №1, it is shown that the effective static or 
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low frequency resistance, inductance and capacity are given respectively 
by R: = 3 І, = 3 ; С О. At the frequency of the fundamental of 
the aerial these become R, = Ко S Po. С m E Ді. 
: | 2 2 т? 
It is further shown that for most practical cases the aerial сап Бе repre- 
— E лаға ee ee | 

sented by its “ static " inductance СЕ with its “ static " capacity C, in series, 
and the frequency of the oscillations with a loading coil L in the lead-in can 
be computed by the ordinary formula applicable to circuits with lumped 
constants, 7.е., the wave length in metres is given byA = 1885, / ( La 4) Со. 


When L/D, is greater than 0:5, the error obtained by the use of the above 
approximation is less than 1$ per cent., while in the extreme case of no 
loading coil in series the error rises to 10 per cent. Similarly, for an 


қ 3 SO 
that the wave length of oscillation of the coil with a capacity C across its 


inductance coil it is shown that the effective “ self-capacity " C, = 


terminals is given by A = 1885, / L, (c + =) 


The frequency variation of the effective resistance of an aerial is then con- 
sidered. Measurements are described and curves given, which indicate 
that antenna resistance is largely due to imperfect dielectrics in the field of 
the aerial, and emphasis is placed on the necessity of avoiding such dielectrics 
in regions of strong electrostatic field. 


3. QUANTITATIVE EXPERIMENTS WITH Соп. ANTENNE IN RADIO- 
TELEGRAPHY. By L. W. Austin. (Journal of the Wash- 
ington Academy of Sciences, 9, p. 335, June, 1919.) 
Theoretical transmission formulz for frame aerials are given in this paper. 
Fundamentally the following formula is assumed for ordinary aerial to aerial 
transmission: . 


I NN» 
AdR 


The replacement of either or both aerials by a frame necessitates the 


I, = 1207 (meters and ohms). 


substitution of the expression N . Н. 27 Е cos Ө for the height of the aerial 


in the above formula. 

Let N = number of turns on frame, H = height of frame, L — length, 

A = wave length, 0 = angle between plane of coil and the direction of the 

incoming waves. The following formule are then derived. Frame sending 
aerial to antenna at receiver: 

I, = 2369 МН, 


МаК 


cos Ó,. 
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Antenna sending and frame receiving : 


АДИ: Ия 
Ls — 2369 CB cos 0,. 


Frame sending and frame receiving : 


I, — 14880 pone ee cos 0, cos 6,. 


If Ө = o, the “ effective height ” of an ordinary aerial equivalent to the 
frame 15: 

ТЕ Area X Turns 
A 

Experiments are mentioned showing measurements ranging up to 24 per 
cent. from the calculated figures—these errors are partly due to the action 
of the frame and its leads as an ordinary plain receiving aerial. A very good 
agreement is found between the formula and the measurements when sending 
on the frame aerial and receiving on an antenna. Е 
4. Rapio Transmission PoRMULZE FOR ANTENNA AND Соп, 

AzniALs. Ву J. H. Dellinger. (Journal, Franklin Institute, 
188, pp. 95—96, July, 1919. Telegraph and Telephone Age, 
p- 370, August Ist, 1919, Abstract.) 

Transmission formule are given applicable to communication with ordinary 
and frame aerials. Originally derived from theoretical considerations, they 
have been verified experimentally in a number of cases investigated by the 
U.S. Signal Corps. A flat-top type of aerial is considered, and a rectangular 
frame. 

Antenna to antenna : 
Т, 188 Ah, Т, 
ы Rad C 
Antenna to frame coil: | 
L- 1884. Ash N, I, 
E Rd C 
Frame to antenna : 
Toss 1884 Al, h, N,I, 
; Ryd ` 
Frame to frame : | 
7450 hl hl ММ, 
aid Клод i . 

Where h = Height of aerial or frame; | = Horizontal length; N = 
Number of turns of wire on frame; J = Current — amperes; A = Wave 
length; d = Distance apart of transmitter and receiver; R = Resistance 
of receiving aerial circuit. 

Subscripts s and r refer to sending and receiving respectively. 
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5. SENSITIVE APPARATUS FOR THE MEASUREMENT ОҒ ALTER- 
NATING Currents. Ву H. Abraham, E. Bloch and 
L. Bloch. (Comptes Rendus, 169, pp. 59—62, July, 1919.) 
The need of suitable apparatus for the measurements of feeble alternating 
currents and potentials is emphasised in this communication. An arrange- 
ment is described consisting of an indicating direct-current milli-ammeter 
or micro-ammeter, used in conjunction with one or two 3-electrode ampli- 
fying valves and one detecting valve. It may be used for currents of radio 
or low frequencies, and will indicate potentials of the order of one millivolt, 
while the effective resistance of the apparatus when used as a voltmeter is 
extremely high. 


6. THE PRODUCTION AND MEASUREMENT OF SHORT CONTINUOUS 
ErrcrRoMAGNETIC Waves. By Balth Van der Pol, D.Sc. 
(Philosophical Magazine, 38, p. 9o, July, 1919.) 


. Rapio* TRansmirtinc Sets on THE N.C. Type SEAPLANEs. 
(Telegraph and Telephone Age, pp. 330—331, July Ist, 1919. 
Electrical Review, 85, p. 233, August, 1919, Abstract.) 

These 550-watt transmitting sets, as employed on the N.C. тур: seaplanes 

used for the American trans-Atlantic flight, possess some novel features. 

The complete transmitter, with the exception of the sending key, and the 

aerial ammeter and tuning coil, is mounted in the stream-line casing enclosing 
the 1,000 ~ alternator (Fig. 1). Тһе generator, of the inductor type, 


delivers 135—150 volts at 5,000 r.p.m., dropping to 100 volts at full load. 
: The stator has four 


D.C. poles, into each 
of which are cut four 
slots for the A.C. 
winding. The rotor 
has twelve teeth, and 
acts as the inductor. 
The D.C. armature 


| SN Ew (SS winding for excitin 
| " DJ) HO the field ie wound is 
BET bonan the slots between the 
uS Тао rotor teeth. Two 
davar | rotary gaps of twelve 

Fic. 1. and eight teeth are 


mounted on the same 
‘shaft, enabling spark frequencies of 1,000 or 666 to be used as desired. 
The transformer has a step-up ratio of 34: 1, and the mica dielectric 
oscillation circuit condenser has a capacity of o-or mfd. Wave lengths 
of 335, 375 and 425 metres may be used with a trailing wire aerial 
250 feet long. . A feature of the aerial tuning inductance is the provision 
.of a copper ring to screen the magnetic field from the turn under the contact, 


* 
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thus preventing sparking when passing over from one turn to the next. 
Normal range = 300—400 miles, but the sets were heard for 1,200 miles 
during the trans-Atlantic flight. 


8. “Ом THE ELECTRICAL OPERATION AND МЕСНАМІСАІ DESIGN 
оғ AN ImputsE-ExciTaTion, Murri-SPARK Group RADIO 
TRANSMITTER.” Further discussion by S. Cohen. (Pro- 
ceedings Inst. Radio Engineers, 7, p. 327, June, 1919.) 

This additional discussion on the original paper by B. Washington with 
this title, deals with further experiments on impulse transmitters, and the use 
of tungsten-tungsten and copper-amalgamated copper electrodes in alcohol. 
The former gap is suitable for radiotelephony. 


9. APPARATUS FOR Propucine Hicu-FREQUENCcY OSCILLATIONS. 
By I. Shoenberg and Marconi’s Wireless Telegraph Com- 
pany. (British Patent 126146. May, 1918.) 

With a view to utilising the gth harmonic of a high-frequency alternator, 
the ratio of breadth of rotor teeth to their pitch is made equal to 0/2 X ап odd 
integer greater than unity. In a case utilising the 5th harmonic, rejection 
circuits tuned to the fundamental and 3rd harmonic frequencies are joined 
іп the main circuit to cut out the unwanted frequencies. - 


то. ON THE PoutsEN Arc Амр Its Тнковут. Supplementary 
note by P.O. Pedersen. (Proceedings Inst. Radio Engineers, 
7» PP- 293—297, June, 1919) . ! 
À continuation of an earlier paper discussing production of sustained 
oscillations of the first or second types by Poulsen arcs. The effect of too 
strong or too weak magnetic fields is considered. 


II. ELECTRIC OscinLATION GENERATORS. Ву N. Lea. (British 
Patent 128383. June, 1918.) 

An electric oscillation generator adapted for standardising oscillatory 
circuits, or for use as a wave meter. An ordinary type of three-electrode- 
valve oscillation circuit is described, having tuned anode and untuned grid 
circuits, with telephones in the anode circuit. The filament battery is used 
to supply the anode circuit voltage, as well as for lighting the filament. 


I2. THE CURRENT-VOLTAGE CHARACTERISTICS оғ Hicn-VorrAGE 
Tuermionic Rectiriers. By С. L. Fortescue. (Proceed- 
ings Physical Society of London, 31, pp. 319—337, August, 
1010.) 

This 2. deals in detail with the design of circuit arrangements for 
high-voltage valve rectifiers. If 1, is the direct current output current, 
V, = direct current output voltage, а = fractional permissible variation 
in V, (usually < от), 0 = the phase angle of the alternating current supply 
when the applied alternating current voltage becomes equal to the output 
voltage V, , f = frequency, C = condenser capacity required, then 
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I, 1 т--260 


C= p d. ^ for a single-valve rectifier, or 
C= 1, i = А £ for a two-valve rectifier. | 
Vo af m | 


Expressions and curves are also given for the transformer current, and 
the efficiency of the whole arrangement. 


13. WIRELESS TELEPHONE TRANSMITTERS. General Electric Com- 
pany (U.S.A.). (British Patent 127325. April, 1917.) 

An arrangement of valves for wireless telephone transmission is described. 
| number of valves are 
used in parallel, fed from 
common filament and anode 
batteries. Fig. 2 shows one 
connection scheme. V, V, 
are two oscillating valves 
in parallel fed from the fila- 
ment battery B, grid battery 
B, and anode battery B,. 
The oscillation circuit com- 
prises the inductances Г, Ly 
and the aerial circuit capacity 
plus the valve grid-plate 
capacity. Тһе transformer 
Та couples the control micro- 
phone M to the grid circuit, 
and Т, provides a return 
coupling between the plate 
and grid circuits. This return coupling is for the speech frequencies only, : 
and both transformers may have iron cores, as indicated. 


Fic. 2. 


14. WirELEss TELEPHONY. Société Française Radio Electrique. 
(British Patent 127008. January, 1917.) 


Details are given of a modulation arrangement for controlling the output 
from oscillation valves. The particular feature is the provision of a shunt 
between the grid and the filament, which is controlled by the transmitting 
microphone. In order to secure a sufficiently high impedance in this shunt, 
an inductance is placed in series with the microphone, and a tuning con- 
denser across both microphone and inductance. The combined shunt is 
tuned to the oscillation frequency. 


15. WIRELESS TELEPHONE TRANSMITTER FOR SEAPLANES. (Tele- 
graph and Telephone Age, pp. 342—346, July 16th, 1919.) 

A description, with circuit diagrams, of the wireless telephone installations 
developed for use in seaplanes by the American Marconi Company. The 
transmitter comprises two valves, one for oscillation generator, and one for 
speech modulator, capable of working on-1,600 or 600 metres wave length. 
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Speech transmission range = 150 miles. Telegraph signalling can be 
effected by means of a buzzer in the grid circuit of the modulator valve. 


16. Vacuum Товкз. Ву M. Peri and J. Biguet. (British Patent 
126658. October, 1915.) * 
This patent, only just issued, although applied for in 1915, deals with the 
constructional details of three-electrode valves of the “ French ” type. 


7. A New Execrron Tuse. By P. Donle. (Radio Amateur 
| News, 1, p. 14, July, 1919.) À 


“Тһе valve described in this communication has the anode on the outside 
ФЕ the glass, with the usual spiral grid surrounding the filament in a vacuum. 
‘Best results were obtained with a silver anode. Curves of conductivity of 
‘the glass at various temperatures are given, and a characteristic curve of 
‘the complete valve. 


18. RECEPTION THROUGH STATIC AND INTERFERENCE. By R. A. 
Weagant. (Proceedings Inst. Radio Engineers, 7, p. 207, 
June, 1919. Electrician, 83, pp. 84, 110, 180, August, 1919, 
Abstract.) 


One of the greatest troubles in the operation of wireless receivers of all 


Main Receiving Loop 


Iilermediale Circuit Су 


Fic. 3. 


* The publication of a large number of radio patents has suffered considerable delay 
under war-time conditions. Some of these are now being issued, and they will be dealt 
with as available. 

в 
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types is the disturbance arising from the reception of atmospherics, strays, 
or X's. In this paper the author discusses the effects produced by the 
various classes of X's (grinders, clicks and hisses), and a series of researches 
is described bearing on the directive effect obtained with the various classes 
of X's. Clicks originating in fairly definitely positioned thunderstorms 
show a decided direction of propagation, but the grinder type of X appeared 
to have no definite direction determinable by ordinary direction-finding 
apparatus. The theory is put forward that the direction of propagation 
of atmospheric impulses of the grinder class is not horizontal, but vertical— , 


7; l 20 


«ьо чо eee © р 
ө ер «» eee m e 


А | A. 
forizonial Inlermediale*Q (С Forizontal 
Recetring Aerial Circuit, 94 V А - Aeceivmg Aerial 


perpendicular to the earth’s surface at the station—and that they behave 
as heterogeneously polarised waves, originating either overhead or underfoot. 

Various experimental evidence collected during the research work is 
claimed to support this theory. One method adopted to take advantage 
of the above theory is indicated in Fig. 3. Two vertical loop aerials, A and В, 
are employed, spaced apart, with their plane in the line joining the receiving 
and transmitting stations, and connected up to a common radiogoniometer 
at the receiving station, which is placed midway between the two loops. 
Each loop circuit is provided with independent tuning inductances, L4, Го 
and Г L, Coils Lẹ Гу form the fixed coils of the goniometer, while the 
moving coil, Гг, is coupled to the detector circuit through L4,, Гуо. Іп order 
to secure the best results the centres of the loops A and B should be spaced 


Ост., 1919. THE RADIO REVIEW 51 


one-half wave length apart, although smaller distances may also be used. 
Assuming this spacing, the currents set up in the two loop circuits are 
evidently of opposite phase, so that, by properly combining them through 
the goniometer, the impulses from the two loops become additive. 
Evidently, when this is the case, the currents induced in the two loops by the 
X's are in opposition, and so cancel out, since there is no appreciable phase 
differencebetween them.  Theresistances Ва, Ra Ру’, В, serve to equalise the 
decrements of the two circuits, to ensure a proper cancelling out of the X’s. 

Atmospherics of the “ grinder ” type are eliminated by this method. 

To eliminate clicks as well as grinders, a similar principle is adopted, 
but in this case the spaced double loops are used to form a source of 
atmospherics of adjustable frequency and damping that may be used to 
oppose and cancel out the atmospherics received with the signal on the main 
receiving loop aerial (Е in Fig. 3). | Another scheme for this arrangement is 
indicated in Fig. 4, which shows a low horizontal aerial used for the main 
reception instead of a third loop. A and B are the two loops, which are 
connected so as to collect the atmospherics, but no signal, although tuned to 
the same frequency. Long low loops are preferred for these, running out as 
loops directly from the station to the extreme end, instead of being square 
loops connected by long lead-in wires, as indicated in Fig. 3. Inductances 
Lo, Гло are inserted іп the centres of the top wires of the loops to facilitate 
tuning at the station. Г, La L4, is the goniometer, having the moving coil 
L} joined into an intermediate circuit coupled, both to the detecting valve 
and to the main receiving aerials A,, 4,, as indicated. With these arrange- 
ments trans-Atlantic radio reception has been carried on through heavy 
atmospheric disturbances without any interference from such causes. 


2. Reviews of Books. 
Tue PRINCIPLES ок RADIOTELEGRAPHY. Ву Cyril M. Jansky, 


B.S., В.А. (New York: McGraw Hill Book Co., Inc. 
London: Hill Publishing Co., Ltd. Pp.ix.+ 242. Price, 
IOs. net.) 

This volume has been prepared in the Extension Division of the University 
of Wisconsin, and is intended as a students’ text-book, rather than as an 
advanced treatise on radiotelegraphy, and, for this purpose, it is undoubtedly 
a useful contribution to the literature of that subject, although there is little 
really new matter contained in its pages. | 

Since radiotelegraphy is an electromagnetic phenomenon, and electric 
and magnetic apparatus is employed in the generation and detection of the 
waves, practically half the book is devoted to a discussion of electric and 
magnetic principles. This introduction is most desirable for a proper under- 
standing of radio working by students fresh to thesubject. In Chapters VII. 
and VIII. the author deals in a general way with oscillatory circuits, and in 
a more detailed manner with radio circuits, while the last three chapters 
are devoted to radiotelegraphy proper, and discuss the various arrangements 
of transmitters and receivers, with illustrations of different types of American 
apparatus. 
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‘Fhe American custom of inventing fresh terms and expressions in describing 
apparatus slightly mars the value of the book for English students. For 
instance, such terms as susceptance (on p. 137) do not really explain 
anything, and are only extra terms to be memorised. “ Capacitance,” used 
for ordinary capacity, is perhaps more logical, as it brings the expression in 
line with inductance, resistance, etc., although the value of its use is open to 
difference of opinion. 

In a few parts of the book rather incorrect ideas might be gathered. 
Perhaps the worst instance is in Fig. 147, described as “ Typical Connections 
of a Receiving Station.” This shows a coupled crystal receiver with the 
mistake, often made by W/T. operators, of feeding their crystal testing 
buzzer from the potentiometer cells of their receiver. Such an arrangement 
gives a sound in the telephones whatever the condition of the crystal. 
Further, the buzzer is also shown as coupled to the telephone circuit instead 
of to the crystal oscillatory circuit, or preferably to the aerial. This would 
also give false indications as to the condition of the crystal for reception. 
The whole trouble can, of course, be removed by coupling the test buzzer 
to the aerial circuit, and feeding it from an independent battery. 

In the description of valve circuits the author misspells Dr. Fleming’s 
name.;. and, in describing the heterodyne receiver, only shows an arc as the 
local source of oscillations—surely an arrangement fast becoming obsolete. 
It is not obvious why Fig. 179 should be described as a combined radio- 
telegraph and telephone circuit, when apparently there are no means provided 
for transmitting speech. The circuit shown is more correctly a species of 
* Tonic Train ” transmitter. 

Speaking of wireless telephones (which are scarcely mentioned), the use 
of the term “ radiotelephone ” (though common in America for this purpose) 
scarcely seems justified for describing simply a headgear telephone receiver. 
The term ought to be strictly confined to the complete wireless telephone 
apparatus, as in the analogous case of “ radiotelegraph.” 

The description of the Goldschmidt alternator is not very clear, although 
the correct ideas are given. On p. 167 the author says, “In this manner 
the damping is reduced, which is called quenching” (the italics are mine). 
Quenched spark gaps usually give very high damping in their circuits, and 
it is not made clear that it is the decrement of the aerial oscillations that is 
reduced when such gaps are used. 

Actual misprints are very few, but the transposition of the figures on 
рр. 4 and 5 might cause confusion to a new student. Inaccuracies on 
рр. 93, 169, 176, and in the numerical index in the wave-length formula 
on p. 180 should also be mentioned. j 

The treatment of the subject is quite good on the whole, and no difficult 
mathematics is used, while the numerical examples at the ends of the chapters 
and. throughout the text should be very helpful. They might, however, be 
somewhat more useful if given in the more usually adopted practical 
units, particularly for the wave-length formule. . 

The general appearance of the book is good, and the printing clear. It 
should prove on the whole a useful radio text-book for students’ use. 


P. R. C. 
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Ionic Oscillationsin Three-Electrode 
Thermionic Valves." 


By R. WHIDDINGTON, M.A., D.Sc. (Cavendish Professor oy 
Physics, University of Leeds). 


T is well known that if capacity inductance circuits of low 
| provee be associated with a valve in the manner shown in 

Fig. 1 oscillations may be set up in the anode circuit having a 
period very nearly equal to 9z4/ LC providing that : 

(1) The resistance R of the anode circuit is small. 

(2) The “ resistance " p of the valve is great. 

(3) The mutual induction M between the grid and anode coils 
is only just great enough 
to maintain oscillations, 
a condition approxi- 
mately realised when 


M > 1/k (Lje + Е.С)? - 

where К is the so-called =) {= 

factor of amplification. oO e с 
This method of pro- А 


ducing oscillations has | 
been very largely used —]||| | ІІ 
for many purposes, 

particularly in wireless Fic, 1. 


* This article contains the text of a paper, entitled “ А Wireless Method of Measuring the | 
Ratio e/m," read before Section A of the British Association, together with subsequent 
additions made by the author. 

F 
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telegraphy and télephony, and in modern practice is usually 
employed in conjunction with “hard” valves, that is to say 
valves from which gas and vapour have been removed to such 
a degree as to prevent the production of ions by collision. 

The arrangement of Fig. 1 can however be used equally 
successfully and usually more efficiently with “soft” valves 
which contain sufficient quantities of gas or vapour as to permit 
- of ionisation by collision. 

It is the object of the present short paper to show that by 
employing a new and simple scheme of circuits a soft valve can 
be made to oscillate in a way involving very different principles 
to those obtaining in the arrangement of Fig. 1. The new arrange- 


ment is shown diagrammatically in Fig. 2. 
It is seen here that 


there are no capacity 
inductance circuits what- 
ever, in effect simply two 
sources of potential, the 
one in the anode circuit 
being of fixed value, that 
in the grid circuit being 


1-4] 


variable. ^ Experiment 

Ill ---ШІШІ has shown that in ап 
arrangement of this 

ы sort quite strong oscilla- 


tions may be set up with a frequency which is determined 
almost entirely by the value of the grid potential and geometrical 
dimensions of the valve electrodes. In Fig. 2 the variable grid 
potential is represented by a potentiometer, which in practice 
was non-inductive and consisted in fact of a soft lead pencil split 
lengthways and fitted with a small metal sliding contact. 

The oscillations were detected and their frequency measured 
by means of a heterodyne wave-meter placed in the vicinity, 
there being always sufficient energy radiatedfrom the self-oscillating 
valve to be appreciable up to a few yards away. 

It will be convenient at this stage to outline a simple theory 
which accounts, broadly speaking, for the observed phenomena. 

An assumption that has to be made at the outset is, that although 
the filament as a whole is emitting electrons continuously according 
to the accepted exponential temperature law, yet there are often 
one or more spots which are emitting with exceptional power. 
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Such spots in the case of a tungsten filament are probably of 
chemical origin and may be due to the presence of local impurity. 
They would certainly be very sensitive to small temperature 
changes. It is further necessary to suppose that the bombardment 
by positive ions of the filament in the neighbourhood of such an 
emitting spot would greatly increase the local electronic emission 
so long as the bombardment lasted. 

Very direct evidence of the existence of such selectively emitting 
spots on a tungsten filament is afforded in the experience of 
manufacturers of valves. It is customary in the factories to 
“clean up” the anode by passing a comparatively heavy ther- 
mionic discharge through the valve when on the pump. During 
this process the dissipation of energy at the anode is so regulated 
that the metal of the anode is maintained at a red heat, when it 
is often observed that one or more points on the anode are very 
much hotter than the main surface. This fact can only be 
explained on the assumption that there is exceptionally powerful 
emission from the corresponding points on the filament. 

Now consider one such spot on the filament. If a burst of 
electrons be emitted they will proceed towards the grid with a 
speed и given by 4 m и? = e.V so that u? = 2V.e/m where e/m 
is the charge to mass ratio for the electron and V is the value of 
the positive grid potential with respect to the particular point on 
the filament considered.*  The'electrons will thus take a definite 
and calculable time to travel from filament to grid under the 
moderate potential applied. On passing through the grid how- 
ever the electrons emerge into the strong electric field of the anode 
and assume ionising speed. The negative ions follow the electrons 
to the anode but the positive ions pass back through the grid 
towards the filament with speed 


uy = 9 V.e/m, 


-where ejm, is in this case the charge to mass ratio of the ion 
concerned. 

There will thus be a cloud of positive ions focussed on the 
flament and bombarding the original electron emitting spot. 
This bombardment by producing a new burst of electrons sets 
up a self-sustaining current oscillation, whose period is determined 


* It is assumed as an approximation that the filament is screened from the anode by the 
grid. This is very nearly true for the fine-meshed grid of the valve used in the present experi- 
ments. l 

Е 2 
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_ (for any particular valve) solely by the charge to mass ratio of Ще. 
ions present and the potential applied to the grid. 

The following table shows what frequency and wave-length of 
oscillations would be expected from the above general explanation 
for the particular case of a valve of the type actually used in the 
experiments, having a fine-meshed cylindrical grid 6 mm. in 
diameter down the axis of which passed the filament. 

The frequencies corresponding to the singly charged ions of 
hydrogen and mercury moving under the influence of 1 volt 
applied to the grid are there evaluated. 


Charged ejm и " Wave-length 

Particle. (approx.) (cms./sec.) (cycles/sec.) (metres). 
Electron .| 1:7 X 10* | 60 x 10? | 4-0 x 108 0-77 
Hydrogen . 10* | 14 x 106 | 1-0 x 10? 30 
Mercury. 2-50 | 10 x 10° | 66 x 10 450 


In actual experiments it was found that the arrangement of 
Fig. 2 with an applied grid potential of 1 volt, radiated energy 
at a frequency between 7:0 x 105 and 4-0 x 105 cycles. On the 
preceding explanation therefore such oscillations are to be ascribed 
to mercury vapour. It is to be noted however that the frequen- 
cies tabulated above are calculated on the basis of singly charged 
monatomic ions. If in the case of mercury vapour polyatomic 
ions are concerned a different frequency will be associated with 
. each ion, the frequencies for singly charged ions consisting of 
two, three, and four atoms respectively would be 1/4/2, 1/78, 1/74 
times 6-6 x 105 (the frequency corresponding to the monatomic 
ion). 

These expected frequencies are tabulated below, while in the 
second column are given the frequencies actually obtained experi- 
mentally. It will be seen that there is a remarkable agreement 
between the expected and observed frequencies. 


Number of Atoms in Theoretical Frequency Observed Frequency 
Molecule. (x Grid Volt). (x Grid Volt). 
1 6-6 x 10° 6:4 x 10° 
9 47 x 10° 4-6 x 10° 
3 8:8 x 10° 9-5 x 10° 
4 88 x 10° — 
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Oscillations in addition to the above have been detected and 
measured, they are believed to be due to the carbon dioxide ion 
but have not yet been investigated in detail. 

_ Referring back to the formula it will be seen that the square 

of the speed of the ions, that is, the square of the oscillation - 
frequency, should be proportional to the potential applied to the 
grid. This prediction is amply borne out in practice ;. curves 
plotted between n? and V yielding in all cases so far investigated 
excellent straight lines. These lines cut the axis of V at points 
determined partly by the position of the emitting spot on the 
filament and partly by the natural emission velocity of the 
electrons. 

A typical curve * found by plotting m? against V is shown in 
Fig. 3, an obvious straight line giving a value of n = 6:4 x 105 
for a grid potential of 1 volt. That the line produced passes 
through the origin is probably only accidental. 


Fic. 3. 


It can be seen at once that, if the electrons have a negligible 
speed of emission, the value of V = V, for which n? = 0 must 
determine the position of the emitting spot on the filament. 

In fact if v = the potential fall along the hot filament 

L = the length of the filament 
and if the potentiometer of Fig. 2 is connected to the negative end 
of the filament, then 
V,/v.L = the distance of the spot from the negative end of the 
filament. 


* The value of e/m of the ion responsible for the oscillation determines the slope of the 
curve. 
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It is clear also that these straight lines should always cut the 
V-axis at positive values of V. In practice this has not always 
been found to be the case, a fact which it is believed may be more 
apparent than real and due to the confusion of harmonics with 
the fundamental oscillation. 

This short paper does not in any way aim at completeness ; it is 
intended merely to introduce what is believed to be a new and at 
first sight rather an astonishing oscillating valve circuit. 

The method opens up new fields for research, such for example 
as the development of a method of determining e/m, and the produc- 
tion of extremely short wireless waves, which it is hoped will be 
dealt with in future papers. 

Some of the work above described was carried out at the Air 
Force Wireless Experimental Establishment, Biggin Hill, where 
I was assisted in these experiments by Miss B. Summerhayes, B.Sc., 


and Lieutenant H. Richardson, R.A.F., B.Sc. 


On the Goniometric Functions Applicable to 
Directive Aerials. 


Ву 4. BLONDEL. 
(Continued from page 10.) 


THE APPLICATION OF THE “ ZERO METHOD,” OR THE SINGLE 
FRAME METHOD, то Direction FINDING. 


Е itis desired to employ а single-frame arrangement to deter- 

mine the direction of incoming waves, the frameshould be turned 

until the sound in the telephones just disappears; the angle y 
between a horizontal line perpendicular to the plane of the frame 
and the north as given by the compass is noted. The frame 1s 
then turned in the opposite direction until a second position is 
found where the sound disappears. Let фа be the new angle 
between the line perpendicular to the frame and the north. The 
two directions obtained in this manner are not coincident, owing 
to lack of sensitiveness of the telephone and ear, but they 
correspond, one to a small positive value of the resultant electro- 
motive force, and the other to a small negative value obtained 
by reversing the signs of E, and H,. The corresponding phase 
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angles фу and фа, in the case of the type D arrangements, are 
given by the following equations :— 


а де, sind,|* = е 
a[2eo sin ( — Фа) = г) (5) 
assuming that the detector gives a response proportional to the 
square of the resultant E.M.F., a being a co-efficient of propor- 
tionality. 
H — sin- е. 1 ; 
епсе, Фа = sin (у х =. І ) . (6) 
а 9% 
Іп a more general case, using the function Е to represent the 
response of the detector, the above equations become 


Е[2е, sing, | = е. . А . (7) 
F[2e, sin (— ф,)| = е. А . (8) 
In all cases we have фі = d, that is to say, the required direction 
is the bisector of the angle үу — үа. But the size of this angle 


and the accuracy of measurement vary with $,. In fact, writing 
H for the inverse function of F, the following equations may be 


deduced 
| е 
а-а азн (а). . 9 


where $, = sin! H (ғ ) 
Also, since 0 = sin} 20 the error in the angle 0 has the 
T 


following value, corresponding to an error de'in determining the 
audibility limit, 

d e d / 
аф ден (5) й 


oe сина 
--———— —— y лынан сый 


VOR) -« VO -e VET ао 
In the case of an energy integrating detector, this expression 
reduces to 


40 = es . (104) 


It will be seen that the possible error 40 depends, not only on 
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the angle @ itself (which enters into the expression for ф,) and on 
the minimum response е, but also on the E.M.F., де, induced by 
the waves, and, consequently, on the distance of the frame aerial 
from the transmitter and on the power of thelatter. The definite- 
ness of the measurement is obviously greater when the received 
waves are weaker. 

Similar formule can be obtained for the 5 type loops by ге- 
placing віпф by совф; but, like the preceding expressions, they 
only permit numerical calculations to be made if the formule 
(5) and (6) are applicable. 

From the preceding remarks it follows that the efficacy of the 
simple type D frame can be augmented by increasing the power 
of the transmitting station and the sensitiveness of the receiving 
detectors, so that angles greater than 30° to ДО” are not obtained 
on either side of the mean position. Measurements made with 
larger angles must be looked upon as less reliable. 

The single-frame arrangement has the advantages of simplicity 
- and of ease of application in all practical cases. There is little 
risk, in general, of its giving false directions through bad insulation. 
In such cases it may cease to be usable, either through giving rise 
to no measurable effect on the detector, or for yielding a constant 
E.M.F. in every position. In either case the operator is warned 
that there is something wrong. A single aerial of the S type 
presents equally serious defects. On the one hand, as has been 


seen above, it only gives good results when ы is very near х, in 


fact, for small values of > the effect of the waves on the frame 


becomes almost independent of the orientation of the loop. 
Further, the sensitiveness, which is zero when 0 = 0, also be- 
comes zero when 0 = 90°. The limits of utility are, therefore, 
far more restricted than in the case of the type D arrangement. 
Type 5 is, therefore, only of theoretical interest, and is not likely 
to be used in practice. 


APPLICATION OF THE COMPARISON METHOD. 


Suppose for simplicity that the current induced in the local 
circuit is proportional to the resultant induced electromotive 
force and that the detector by complete rectification gives a 
response proportional to the amplitude of this current, then the 
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equations can easily be written for all direction-finding arrangements 
by the comparison method with several loops. 

For example, taking the case of two identical loops perpendicular 
to one another and coupled differentially by transformers, having 
variable transformation ratios M and N, to a single circuit con- 
taining the detector, the comparison method becomes a compensa- 
Hon method by opposing the effect of the two loops, so as to reduce 
the indication of the measuring instrument to zero. Hence the 
relation 

M gon 0 — N gon (2—0) -- 0. 

But, in practice, using а telephone instead of a galvanometer, 
the measurement is made by determining two values of the 
coefficients of mutual induction М and N when the sound 
disappears in the telephone. Hence assuming firstly the response 
of the detector proportional to the square of the acting electro- 
motive force, we have 


M gon 0 — N gon (7- в) = 


М' gon 6 — № gon (= — e) = -- Vis 


where а is a coefficient of proportionality and e' a very small 
quantity corresponding to the threshold value of the sound in the 
telephones. 

These quantities may be eliminated by adding the two equations 


whence, 
gonü  N+WN (12) 
тт a. Мам E 
gon (5 — 0) 


(11) 


In the case of the well-known apparatus, called by its inventors 
the “ radiogoniometer,” the two transformers are replaced by a 
single apparatus comprising two fixed primary circuits at right 
angles, and a secondary circuit which can be rotated about their 
common axis. 

If we call y the angle between the electrical axis of the movable 
coil and that of one of the fixed circuits, we have 


M =cos ф; N = зау 
M' -- cos y/ ; № = siny 
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from which we obtain, 


gonÜ . sny-L-sny _ tan MEY | (18) 
-— 9 Is ------« Г) — 9 е 
gon (s u в) cos yj + cos y 


In the particular instance when the frame width z is very 


: ; | . 2s. 
small in comparison with the wave length, the functions е sin Ө 


and 212 cos 0 are practically equal to the angles, so that the last 


term of the above equation reduces simply to tan 0, wherefore 
substituting f for TT y , we have 0 — vty — f. 

Firstly let us take the case of Type D arrangement : 

If we plot, as in Fig. 9, the values of 0 from 0? to 90? as abscissz, 
and the values of f as ordinates, where 


В tan TP = 0, nearly. . . . (14) 


we obtain a straight line. 

But this i$ only the case for long wave lengths. When shorter 
wave lengths of the order of 100 metres are used, f is replaced by 
a more complicated function :— 


sin са sin д) | 
Въ = tan 800 — = tan Бе энер ы (15) 
gon Е — 0) sin (272 cos 6) | 


Fig. 9 gives the values of Bp as a function of 0 and conversely, 
for Y" 26 16 The difference between f and Въ 15 negligible 
when g= fo it reaches a maximum of 7° 80’ when g =} 


approximately, and becomes zero in every case, whatever the value 
of z, when f = 0°, 45° and 90°. 

To employ a radiogoniometer accurately, it is necessary to plot 
a correction curve similar to the preceding, giving 0 in terms of f, 
and vice versa, for each value of X that is used, or else to employ 


а double-entry table. 
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, 1f we use type S arrangement instead of type D, the angle f is 
given by an analogous expression, the sines being replaced by the 


cosines 
. COS = sin 0) 
p= tan hany mm sow e a в в 16) 
па 
cos (^ eos д) 
P 
90* 
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Fic. 9. 


By plotting the curves of f, for different values of > Fig. 9, we 
see that they are of a different type from those of fj. When 


Е = : the curve for Вз is the inverse of that for By —i.e. 0 is replaced 
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by (7 — 8) . But as decreases, the value of В, tends to become 


constant, instead of being proportional to 6. The sensitiveness 
therefore falls off as the width of the loop becomes less than a half 
wave length. : 

For that reason there is no further interest in considering the 
type S arrangements for direction finding; the same argument 
applies even more, if frame arrangements with slanting aerials are 
used. | 

Instead of operating by compensation as above, we may utilise 
alternate measurements, as I indicated in 1910,* by arranging the 
two loops to influence the same receiving circuit or telephones in 
turn, and altering the mutual inductances M and N until the two 
sounds become equal—thus making use of the differential sensitive- 
ness of the ear instead of its ultimate threshold sensitivity. The 
preceding equations remain valid (with another є of course), if 
the detector gives a response proportional to the amplitude or the 
square of the amplitude, of the electromotive force in the loop, or 
even if it follows some other function of the voltage. 

In the last case, theoretically the most complex, each of the 
expressions gon д would be replaced by the unknown and more 
complex function F(e,gon0). This, however, does not hinder the 
solution of the equations for the compensation method, since, by 
writing H for the inverse of the function F, the two expressions 
(11) can immediately be replaced by the following : 

, 
M gon 9 — Ngon(5 — 0) =H (52) | 
4 Vo 
М'воп0 —N' gon(™—0) =—H(£) |. is 
gon gon (7 Je, | 

Adding these two expressions, the unknown function on the 

right hand side is eliminated, and the following equation obtained, 
on 0 N+ № 
ВОВЕ =a ag = tan, sy . . . (18) 
gon(7—6) | 
All the results previously found therefore remain without alteration. 
In the particular case, for the radiogoniometer, 


tan В = tan FLY. 


* A. Blondel, Joc. cit. 
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In the case of the alternate measurement method the function 


H cannot be introduced, so that equation (11) must be replaced by 
the following : | 


F (де, M gon6) - F | 2, N(5—0)] = € 


Е (де, M' gon 0) — F | 26, N’ gon (7-6) | = — є 


When the detector is not a crystal but an energy integrating one 
F indicates a square, and we obtain : 


gonü „| М+М? 
т M*4- М? 
gon (7 — 6) + 


which is comparatively simple. But if F is any unknown quantity, 
the solution of (19) cannot be obtained immediately but a previous 
knowledge is required of the function F and of the variation of e, 
with the distance from the transmitter. 

The comparison method then, is preferable to the alternate 
measurement method. Moreover it should be noted that it gives 
a more uniform degree of accuracy when 0 varies. Indeed, 
assuming that the measurement of 0 is accomplished directly by a . 
galvanometer, as may be done with the radiogoniometer, we have, 
as above, 


(19) 


M gon 6 — N gon(7— 6) =O... . (20) 


Any variation 40 of the angle 0 then makes this expression equal 


to a small quantity da instead of zero. The relative accuracy is 
then :— 


d gon (5 — в) 
da __y,dgond - 2 
да Као (1) 
When М and N are equal respectively to cosy and sin y, 
as above, and when the distance between the antennz is sufficiently 


small to allow the use of the simplest form of the goniometric 


. дта . . п _ та 
function | gon 8 =- sin 0; gon G- 0) — —— cos Л , the 


second term of equation (21) reduces to 


Irr (сов20 + sin?) — 212 5. қат 252 55 5 (22) 


СА 
and is therefore a constant. 
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. If the detector integrates the energy proportional to the square 
of the first term of (20), the accuracy of measurement is given by 


244 [ M gon 6 — N gon (7— 6) | = 8 (72) gon (0 — y) . (21a) 


If M and N can be varied independently the relative accuracy 
remains proportional to the expression (21), but increases with the 
absolute values of M and N, which are assumed always to satisfy 
equation (19). This shows that it is always advisable to increase 
as much as possible the mutual inductance of the transformer 
supplied by the loop receiving the weakest electromotive force. 
On the contrary in the comparison system using alternate 
measurements, gon 0 must be replaced by Е (gon 0), a function 
dependent upon the mode of operation of the detector ; and the 
sensitiveness is no longer constant. However, if the detector 1s a 
simple energy integrator, F (gon 0) = (gon 6)? and (20) becomes 


М? gon?0 — N? gon? (2—0) = 0. . . (20a) 


Non-VERTICAL AERIALS. 


We have assumed up to the present that the antennz or sides of 
the loops are vertical, with the exception of the horizontal parts 
which serve merely for connections. 

In cases where the shape of the loop is more complicated, the 
function gon 0 will be replaced by a more complicated expression. 

The only condition desirable for each such system of connected 
aerials, if they are of complicated shape, is that they shall be 
symmetrical at least about a vertical line in their plane midway 
between them.* Let us therefore consider two symmetrical 
aerials, and that (a, 2) are the co-ordinates of any point in one of 
them, z being the height measured from the horizontal plane 
passing through the lowest point of the aerial, or, more generally, 
from any horizontal reference plane. The co-ordinates of a point 
at the same height on the second aerial will be (—a, 2). The 
equation of each antenna in the plane of the loop can therefore be 
expressed in the form g = f (2) —z = — f (2). 

(To be concluded.) 


* "This condition is not, however, absolutely essential, since it is always possible to integrate 
the electromotive force of the two antennz separately, by referring their phase angle to a 
vertical reference axis. But this results in a rather troublesome complication especially 
when the damping is considered. (See below.) 
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An Investigation of the Internal Action of a 
Triode Valve. | 


Ву W. H. ECCLES, D.Sc., M.I.E.E. 


(Continued from page 20.) 


THEORY OF THE GRID. 
Triode with Plane Electrodes. 


We shall first suppose the cathode and anode to be parallel 
planes of infinite extent and the grid to consist of a number of 
equidistant straight parallel wires with their axes in a plane 
parallel to the electrodes. The cathode will be supposed to be 

emitting the electrons 
uniformly over its sur- 
face. We begin by 
endeavouring to pic- 
ture the instantaneous 
state of the electric 
field between the elec- 
trodes. The form of 
ха Ше lines of force is 


| 
| 
| 
| suggested in Fig. 7. 
| 


я 


Since the triode is 
usually used with the 
anode at much higher 
potential than the 
| grid and the cathode, 
| | the Faraday lines are 

F portrayed as starting 

Fic. 7. on the anode A and 

ending on the grid G 

and on the electrons of the space charge. Near the anode the 
density of the lines is uniform and the lines are perpendicular 
to the anode. They remain nearly parallel till near the grid 
wires, and here the radial field due to the charge on the. 
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grid combines with the parallel field to give the curved lines. 
Passing into the region between the grid С and the cathode Е the | 
field tends to become uniform again, but is clearly much weaker on 
account of many of the lines having been disposed of. None of 
the lines reach the cathode, because the field, as we have already 
seen, must be zero at or near the cathode ; that is to say, all the 
lines that penetrate the shield formed by the grid end upon flying 
electrons. In the figure there is marked a region B wherein the 
grid exerts very little influence. We shall make this a kind of 
resting place in our calculation of the voltages between different 
points in the field. ‘ 

Let 2, represent the distance of the anode from the cathode, 
2, the distance of the plane of the grid from the cathode, b the 
distance between consecutive grid wires, r the radius of each grid 
wire, and Va Vs, v, the potentials of the points А, В, G relative to 
the cathode F. Among the lengths r will be supposed small 
compared with b, and b small compared with 2, and 2. We 
shall now estimate the voltages between the points A and B, B 
and G, B and F, and shall make these obey the condition that all 
the Faraday lines leaving À end upon the grid and upon electrons. 
In order to do this without great labour it is necessary to make 
some simplifying approximations at the very beginning. First 
we shall assume that the electric field is practically constant all 
the way from À to B ; then, if c, be the number of lines starting 
from the square centimetre of anode, the field is (4т/к)са, where к 
is the inductivity (S.1.C.) of the vacuum, and the P.D. between 
A and B is 

Va — Vy = Attag (Фа — 2,)/к. 


Next let the charge on every centimetre of each wire of the 
grid be Q, then, since there are 1/b wires per centimetre, the 
amount of electricity per square centimetre on the grid is Q/b. 
Now, in estimating the P.D. between B and G, we may suppose a 
unit test charge of electricity moved from B to G under the electric 
forces due to the whole of the grid wires, and calculate the work 
done. The contribution of each grid wire to the voltage is of the 
form 

20 |, = B 
“© Vfinal distance /” 


where the distance is to be measured from the centre of the wire 
concerned. The sum of all such logarithms is of the form 
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K 
where В is a geometrical constant that can be determined by 
calculation for any number of wires, if required. For one wire B 


is clearly $b, for two wires, one on each side of B, 8 = 1b, and so 
on. We obtain, therefore, 


log Е 


ty — y = 20 log Ё, 


The next step is to evaluate the voltage between B and F. 
We do this by aid of the electron current equation given on p. 13, 
which states that when an electronic current of density % is flowing 
between two parallel plane areas at one of which the voltage 
and the electric field are zero, the P. D. is 


Vv, = (?/ A) imi. 
The last of the equations to be formed is, as already explained, 

са = Q/b + all space charge 

= а), say, 

where « is a quantity to be determined by experiment, and 
obviously approaches unity when the space charge, that is to Say, 
the electron current, is very small. Experiment shows that for 
most types of triode « is nearly equal to unity for a large range 
of values of grid voltages and anode current, but the mode of 


derivation shows that it should tend to increase as the electron 
current increases. 


We now have four equations amongst the seven variable 
quantities, and can, therefore, eliminate three of them, SAY са) 
Q ando, From the first equation we obtain o,, from the second, 
6; substituting these in the fourth equation, we have 
TN Ото (La ae 2,) 

2b log pfr 
or Va + gt, = (1 + 09, 


where we have put, for brevity, 


Vg — % (v; mE Vg) 


and where the logarithm is natural. 
Now using the third equation we obtain 


0, + gv, = (1 + g) 4/4Ж а, 
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Or = А 


This formula for the planar triode is not of immediate utility, 
because very few, if any, instruments have been made with the 
cathode consisting of a heated plane surface. Even in those cases 
where the anode and the grid are planes the cathode is usually a 
filament, which may in large lamps be wound to and fro between 
the grid so as to form a number of V’s; and to this the formula is 
not genuinely applicable. The same method may, however, be 
applied to the cylindrical triode, and to this we now turn. 


THE CYLINDRICAL TRIODE. \ 


The cathode will be taken to be a straight filament or a 
curled filament with straight axis and of small over-all diameter, 
while the anode will be taken to be a circular cylinder co-axial 
with the cathode. All the electrodes are supposed to be of infinite 
length. The grid will be taken to be a co-axial intermediate helix 
with equidistant spires or a collection of equal parallel equi- 
distant co-axial circles. In Fig. 8 a sectional view is given, and 


A is the anode, F the cathode, G 


A the grid. When, as is usual, the 
p anode is at higher potential than - 

Goooo P o 0 о, the other electrodes, the Faraday 
ЕҒ----------4р lines starting from the inside sur- 
Со ооо о о оо ој face of the anode form а соп- 
i“ verging radial electric field in 
A which every line of force ends 
Fic. 8. upon the grid or upon an electron 


in the space charge conveying the 
current. Let the radius of the grid wire be r, the distance between 
consecutive turns b, the radius of the grid helix г, and the radius 
of the inner surface of the anode z,. Also let the charge per unit 
length of the anode be Q,, and that upon unit length of the wire of 
the grid Q. It follows that the charge per unit length of the grid 
helix is approximately 

2a, Q [b | 


The analysis now follows closely that used in the case of th 
planar triode. But the potential between A and B is due on the 
present occasion to a radial field, and the P.D. is therefore a 
logarithm ; that is to say, 
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on 26, 7, 
Ve Ve log 2. 
The next equation is, by reasoning the same as before, 
оо — v, = 20 log ^, 


and then from the properties of the electron current flowing 
between cylinders we have 
0, = ()/дпА а. 
The condition that the lines of force leaving the anode all end 
on the grid and on the space charge may be written 
қ Q, = 9m, Q/b + space charge 
= 2a, Q/ ф, зау, 
where « is a parameter to be determined by experiment, usually 
not much greater than unity. 
From the first, second and fourth equations we get 


Va + go, = (1 + 9) %, 
- пай, log (La/%,) 
b log B/r ` 


where 


where A = 9:88 x 106 in practical units. 


In those cases where the radius of the filament or of the curled 
filament exceeds about one-tenth of the radius of the grid it is 
necessary to apply to the formula just obtained the correction 
given in the table on p. 18. 

As an example a particular receiving triode of which measure- 
ments have been taken may be quoted here. In this triode 
£a = 0:508 cm., z, = 098 cm., b = 0:169 cm., and we may take 
В = т for theoretical reasons. Then on substituting in the 
formula we obtain 

g = 6'Tla. 
Now, experiment showed that g is actually equal to 6:9; hence we 
conclude that the quantity ais equal to about 1:08. 

Again, the formula for the current yields for an anode voltage 

of 60 and grid voltage zero the value 
| = 1:81 mA, 


G2 
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if no account be taken of the radius of the cathode. In fact, the 
cathode is a curly filament of about 0°54 mm. radius. The 
correction factor is seen from the table on p. 18 to be about 
11, which gives 
| 7 = 144 mA. 

Actually, the measured current was 165 mA. This is not a 
closely accordant result, but is not unsatisfactory when regard is 
had to the number of circumstances neglected (such as the finite 
length of the electrodes) in the derivation of the formule. 


SOME CONSEQUENCES OF THE FORM or THE CURRENT EQUATION 


In the preceding paragraphs, where we have been dealing with 
the scalar electric potential in a purely theoretical manner, we 
have used the letter v in reference to absolute values of the poten- 
tial. In what follows we shall extend the results into relations 
wherein experimental voltages due to batteries are solely con- 
cerned, and shall therefore use the letter e instead of v. 

In some respects the most remarkable feature of the mathe- 
matical results now reached is the fact that the current through 
the triode is expressible as a function of e, + ge, Of course, it 
was obvious without any investigation that the current must be 
expressible in the form 

ta = Ғе, е) ; 
but the elucidation of the mode of association of the variables e, 
and e, is of considerable mathematical and physical importance. 
This point has not waited for theoretical discovery, however; it 
was found empirically by Langmuir (Proceedings of tbe Institute 
of Radio Engineers, p. 278, 1915), who showed that the lower parts 
of the characteristic curves of his pliotrons followed the equation 


la = А (е, + 9е,)*. 
H. J. van der Bijl has also given experimental evidence of the 
truth of the theorem in the case of triodes of his own design in the 
Proceedings of the Institute of Radio Engineers, April, 1919. The 


latter has shown, besides, that the lower values of the currents 
in his tubes follow the equation 


| la = A’ (ea H ge, + е,)?. 
It is possible to find any number of equations of the type 
1, — A' (es + ge, + €)" by choosing suitable pairs of values of the 
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parameters e, and n, but Langmuir’s equation has the advantage 
of possessing a physical reason for the appearance of the index 
3, namely, the space charge phenomenon. The form F(e, + gep 
includes both óf the above formulz, and has infinite other possi- 
bilities, and it appears to be applicable over a greater range than 
Langmuir's equation, which cannot hold good so far as the point 
of inflection in the familiar characteristic curves of 4, plotted with 
values of е, as abscissze. But before discussing these and before 
exhibiting some practical applications it is necessary to point 
out some of the mathematical consequences of the form of the 
function. 

In the first place it is evident that many of the statements on 
рр. 20, 67, 63, concerning the general theory of electric shielding 
apply immediately to the electron current that passes through the 
tube when the circuit is completed outside and a suitable voltage 
applied. Within limits any desired current smaller than the 
saturation current can be produced by a wide variety of values 
of e, and e, ; if, for example, g = 20, 100 volts on the anode with 
the grid at zero voltage is equivalent to 120 volts on the anode 
with — 1 volt on the grid, and to 80 volts on the anode with 4- 1 
on the grid. In fact, we may say that a principal function of a 
triode is to multiply the grid voltage by g, transfer it to the 
anode circuit, and superpose it on the anode voltage. We shall 
call this total voltage the “lumped voltage’ and give it the 
symbol e. The current equation is then 


% === Е(е). 


The lumped voltage may now Бе taken ав a new independent 
variable and the current curves plotted with values of e, as 
abscissze. 

Let us take the family of curves in Fig. 9 and transform them 
to the new variable. It is first necessary to find g from the curves. 
Àn easy way is to draw first any line PQRS to mark points of 
equal currents on the different curves of Fig. 9; then set up 
ordinates p,p, 49; etc., to represent to scale the anode voltage of 
the respective curves, and draw the best straight line through the 
points p, q, etc., to cut the axis in z. Since this line relates to 
constant current, the value of e, + ge, must be constant along it, 
so that a fall in e, is made up by g times the increase of е. Thus 
the gradient of the line, reckoned on the voltage scales, is the value 
of g. For example, supposing the final line goes through p and 
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that the length p, z represents 20 volts on the grid, the value of 
g is 250 volts = 20 volts = 19:5. 


The next step consists in calculating the value of e, + де, that 
is, 6, for a number of points on the curves of the family, either 
arithmetically or graphically. The latter method 1s shown in 
Fig. ro, where one of the curves is taken aside for the sake of 
clearness. First the sloping line through O is drawn parallel to 
the line through z in Fig. 9. The ordinates of this line are g times 
the corresponding grid voltage. Then a line is drawn through q 
with constant ordinates equal to the anode voltage of the curve, and 
ordinates are drawn through any points such as Q, T. Evidently 


Fic. то. 
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the intercepts between the voltage lines, such as qq’ and tt’, are 
the algebraic sum of e, and ge, and therefore give values of e. 
The curve sought is now obtained by co-ordinating values of 
current at Q, Т, etc., with the new abscissz qq’, tt’, etc. ; this is 
carried out on the right-hand side of Fig. 1o. 

When this process is applied to all the curves of the family in 
Fig. 11 the result is the nearly perfect single curve of Fig. 12. In 
this one curve is contained all the information given by the original . 
family of curves. It may be called the lumped characteristic 
curve of the triode for the particular filament current in use. It 
is found that the nearly straight portions of the 4,6, curves of most 
forms of triode coincide perfectly in the lumped characteristic, 
but the knees fit together less closely. Also, below a certain 
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anode voltage the saturation currents take lower and lower 
values, with the result that we obtain the forked portion of 
Fig. 12. 

A further mathematical consequence of the form of our equation 
is that a simple relation exists between the partial differential 
coefficients of 4, with respect to e, and e, regarded as independent 
variables. From 


——— ama E MON NN 


since €, = €, + Gey 
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Similarly да Фа o, д, 
ge ee 
Hence да да 
Ач 


We shall, for brevity, write h, for the partial differential coefficient 
with respect to e, and h, for that with respect to e,. In this 
notation the letter h is meant to suggest “increase of anode 
current," and the suffix a to suggest “ per unit increase of anode 
voltage," and a similar interpretation is given to h, In passing, 
we may remark that this notation is in systematic accord with the 
use of g, and g, for similar partial differential coefficients of grid 
current with respect to the two voltages, which arise in the course 
of any complete discussion of the properties of triodes. The 
differential co-efficient h, is, plainly, the gradient at any point of 
the lumped characteristic curve, and h, is the gradient at any 
point of any of the е, characteristic curves. We see that the 
latter gradient is g times.the former whenever the current is a 
function of e, J- ge,; but this conclusion is not necessarily true 
when the current does not possess this property. 
In the particular form presented by Langmuir's equation 


% = A'ej 
we have i= dis _ 9 A'ed. 
dei 9 


This indicates that h, would increase continually as е, increases 
if the equation were obeyed. As a fact, experimental curves 
prove that though h, does at first increase in accordance with the 
formula yet it is practically constant over a relatively large range, 
departing further from Langmuir's equation as saturation is 
approached. It may be mentioned that it is possible to find 
empirical formulz to fit the whole curve with moderate success. 
For example, some triodes are suited by the formula 


la = t [1 + tanh Ае — е)! }, 
where e, and 1, refer to the lumped voltage and the current at the 
mid-point of the curve ; but though such empirical equations may 
be useful for the purposes of design, they have no physical meaning 
and explain nothing. 


(To be concluded.) 
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The Transmission of Electro- 
magnetic Waves Around the 
. Earth. 


By THE EDITOR.. 
(0): experimental knowledge of the variation of the strength 


of the received signal as the distance from the transmitting 

station is increased is due almost entirely to the work carried 
out in 1910 and 1913 by the Radio Department of the United 
States Navy under the direction of Dr. Louis Austin. Previous 
experiments had been made by Duddell and Taylor, but only over 
relatively short distances. Тһе results obtained in the U.S. Navy 
experiments are usually expressed by the well-known Austin-Cohen 
formula. For relatively short distances over the sea, the received 
current varies inversely as the distance, as it would if the earth 
were a perfectly conducting plane and the atmosphere a perfect 
and limitless dielectric, but as the distances become greater the 
received current falls off more rapidly and an exponential factor 
has to be inserted in the formula for the received current. Austin 
found that although the transmission at night was usually better 
than that during the day, it was far more erratic and was therefore 
discarded in calculating the formula which best represented the 


observed results. Cohen found that the exponential factor that 
$ А 000154 
gave the closest approximation to the тото results was e^ yx 


where d 1s the distance, and À the wave length, both in kilometres. 
Although, owing to the difficulties of the measurement, to the 
variableness of the received signal even when the distance 15 
unchanged, and to the limited range of distance, Austin’s 1913 
results when plotted leave one in some doubt as to the curve 
which best represents them. Cohen’s exponential index gives 
good average results up to a distance of 2,000 miles. Turning to 
the mathematical investigation of long distance transmission, 
one finds that it is a problem of such enormous difficulty as to 
call for prolonged research on the part of some of the leading 
mathematicians. The assumptions usually made have been that 
the earth is a perfectly conducting sphere, and the atmosphere a 
perfect dielectric of boundless extent. It is important that this 


Nov., 1919. THE RADIO REVIEW 79 


problem should be solved and the results compared with the 
experimental observations in order to determine to what extent 
the transmission over great distances involves conditions of the 
earth or of the atmosphere other than those assumed in the 
mathematical investigations. 

The late Henri Poincaré and Professor Nicholson published 
solutions in 1910; Professor Macdonald in 1914 and March and 
Rybczynski in 1912 and 1913 respectively. In 1915 Professor 
Love pointed out that the work of the two last named was 
fundamentally unsound. Unfortunately the results obtained by 
Nicholson and Macdonald were not in agreement and so the matter 
stood in a very unsatisfactory condition until 1918 when the 
problem was investigated by Dr. G. N. Watson. The results of 
his analysis are embodied in two papers of the greatest importance 
communicated to the Royal Society, one in 1918, entitled “Тһе 
Diffraction of Electric Waves by the Earth," and the other in 
June of the present year, entitled “Тһе Transmission of Electric 
Waves Round the Earth.” In the September number of the 
Philosophical Magazine Dr. van der Pol gives a physical interpre- 
tation of the former paper and substituting suitable numerical 
values in the formule, compares the calculated results with the 
results of Austin’s observations. A brief account of his work was 
given by Dr. Watson himself in a paper before Section A. of the 
British Association at Bournemouth. 

In the first paper he solves the problem of the perfectly conduct- 
ing earth and limitless ideal dielectric, and obtains a result in 
substantial agreement with Nicholson and Macdonald. He points 
out the causes of the discrepancies and the limits of the validity 
of the various assumptions. An investigation of the effect of the 
earth having resistance shows that any effect is very small, even 
for dry earth, with long wave lengths. Watson obtains for the 
index of the exponential factor — 0:00876d/4/À and, moreover, 
finds that instead of being inversely proportional to da, the received 
current should be inversely proportional to 4/sin 0 A'5, where 0 
is the angle subtended at the centre of the earth by the distance d. 
Now, as Dr. van der Pol points out, some of the received currents 
measured by Austin over distances of about 6,000 miles are 
2,000,000 times as great as the values calculated by Watson's 
formula. Hence, it must be concluded that long distance radio- 
telegraphy cannot be explained on the assumption that the earth 
is surrounded by a perfect dielectric of boundless extent. A great 
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many phenomena of radiotelegraphy suggest that the upper 
atmosphere is ionised and acts as a partial conductor. 

In his second paper, therefore, Dr. Watson has investigated the 
effect of a concentric conducting layer forming the upper limit of 
the atmosphere. His analysis leads to the striking result that 
Austin's experimental and empirical formula is obtained if the 
ionised layer has a well-defined lower surface at a height of about 
100 km. and has a specific resistance of 6:95 x 10° ohms per 
centimetre cube. With this reflecting upper layer the index of 
the exponential term in the formula for the received current 
contains the square root of the wave length, in agreement with the 
Austin-Cohen formula, whereas the pure diffraction theory leads 
to the cube root of the wave length. 

The two papers of Dr. Watson mark an epoch in the study of 
long distance radiotelegraphy and may be regarded as bringing to 
a most satisfactory conclusion a discussion which has exercised the 
minds of many of the leading mathematicians. 


The British Association Meeting 


at Bournemouth. 
(Continued from page 42.) 


A Method of Using Two Triode Valves in 
Parallel for Generating Oscillations. 
By W. H. ECCLES, D.Sc, and Е. W. JORDAN, B.Sc. 


Paper read before Section G (Engineering) of the British 
Association Meeting. 


N the typical method of using a three-electrode tube or “ triode ” 
for generating electrical oscillations, the connections are as 
shown in Fig. 1. The oscillations in the closed inductance- 
capacity circuit, sometimes called a flywheel circuit, are sustained 
by unidirectional pulses of current through the anode circuit, that is, 
through that external circuit of the tube which begins at a terminal 
of the filament and ends at the anode. This circuit includes a 
high voltage battery, which is the ultimate source of the energy 
of the oscillations. The unidirectional pulses are produced in 
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correct time phase by the action of the oscillations themselves 
on the grid circuit by means of the coupling between the coil in 
the closed circuit and a coil in the grid circuit. 


Fic. г. Fic. 2. 


When two or more triodes are used they are in the prevailing 
practice connected in parallel. It is known that unless special 
care is taken in selecting the tubes and in adjusting their normal 
grid voltages this connection does not in general give an output 
double that of a single tube. Moreover, if the coupling is made 
too close, as is often the case, the variations of the grid voltage 
may be so great as to carry the representative point in the charac- 
teristic diagram on to the straight horizontal parts of the curves, 
with the consequence that harmonics are produced, accompanied 
by a lack of symmetry in the oscillations generated. 

More symmetrical oscillations could be obtained if the flywheel 
circuit were acted upon by a triode and high-voltage battery 
symmetrically in every half-period. The improvement to be 
described consists in arranging two tubes so as to fulfil the last 
stated condition. One way of doing this is to join the grids of 
the two tubes by a coil which is linked by means of its mutual 
inductance to the oscillating circuit. This method of joining the 
grids is shown in Figs. 2 and 3. This mode of connection causes 
the potential of each grid, and, therefore, the resistance of each 
tube, to vary in opposite directions, that is, causes the resistance 
of one tube to increase, while that of the other diminishes—with 
a definite phase relation to the oscillations. 

In Fig. 2 the anode circuits of the tubes are in parallel, and are 
connected in series with a high-voltage battery. They are 
associated with the flywheel circuit so that increase of one anode 
current applies to the flywheel circuit a stimulus in one direction, 
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and increase of the other anode current applies a stimulus in the 
other direction. In the result the variations of both anode currents 
are effected in correct phase relation to maintain the oscillations 
of the flywheel circuit, an impulse being applied first by one tube 
and then by the other in successive half-periods. 

In Fig. 2 the coupling between the two anode circuits and the 
oscillatory circuit is direct. Fig. 3 shows a method in which the 
anode current acts by mutual inductance on the oscillatory 
circuit. In both figures R is a large resistance which acts as a 
grid leak, and should be chosen so as to keep the grids at a voltage 
found advantageous by trial. A method in which resistance 
coupling. is employed is indicated in Fig. 4. This has its 
advantages in certain laboratory applications. In Fig. 5 a 
method employing соп- 
denser coupling is shown. 
Here, again, R indicates a 
grid leak. The condensers 
C, and C, need not be of 
any particular capacitance; 
they are chosen by trial, 
and their variation has 
very little effect upon the 
frequency of the oscilla- 
tions. 

It is clear that, instead 

Fic. 5. of using two triodes, the 

symmetrical action could 

Бе obtained by using one tube possessing, for example, a single 

plate, two grids and two filaments, or, alternatively, a single 
filament, two grids and two plates. 
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It is found that these cross-coupled circuits oscillate more freely 
than single circuits. They can be operated, for example, by 
using four or five volts only in the anode circuit with ordinary 
receiving B.T.-H. triode valves. 

The devices just described were the subject of a patent, number 
6,090/1918, taken out by the Admiralty, and the description is 
now published by permission. | 


The Three-Electrode Thermionic Valve as 
Alternatin$ Current Generator.* 
By Professor C. L. FORd ESCUE. 


I. INTRODUCTORY. 


HIS paper deals mainly with work done during the war in the W/T 
Department of H.M. Signal School, at Portsmouth, which constitutes 
the instructional and experimental centre for all matters pertaining 
to naval wireless telegraphy. Тһе paper has been prepared in collaboration 
with the Superintendent of Signal Schools and his staff, has been submitted 
to the Admiralty, and is now published with the Board's approval. 
Thermionic valves were used in the Naval Service for the generation of 
high-frequency currents of small amplitude for reception by the “heterodyne” 
or beat method in 1914. De Forests “ Audion " valves were used, and the 
circuits were made up from existing Naval Service apparatus. Later sets 
used for the same purpose were made by the Marconi Company, the valves 
employed being those designed by Captain H. J. Round. In both cases 
the maximum high-frequency current was in the neighbourhood of 50 milli- 
amperes. | 
During the spring of 1915 experiments were carried out with a trans- 
mitting valve of Captain Round's design. This valve was of the same general 
construction as those used with the small heterodyne sets. The filament 
consisted of a fine platinum wire coated with lime; the grid was made of 
nickel wire gauze, and a nickel positive electrode was supported by its 
natural springiness against the glass walls of the tube. The vacuum was not 
high, and no appreciable bombardment of the electrodes was carried out 
during the exhausting process, this being impossible owing to the large 
positive electrode being in contact with the glass walls of the tube. With 
this tube a high-frequency power of from 40 to 50 watts could be obtained. 
Experiments under actual signalling conditions were carried out, and some 


* Paper read before Section G, of the British Association, slightly abbreviated. 
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surprisingly long ranges were obtained. On one occasion one of H.M. 
destroyers received comfortably readable signals when off the coast of 
Northumberland, and when the high-frequency current in the aerial in 
H.M.S. Vernon at Portsmouth was only o6 amperes. 

Considerable difficulties were, however, experienced on account of the lack 
of proper heat treatment of the valve in the course of the exhaustion, and the 
valves were not regarded as being sufficiently reliable to enable them to be 
used in ship installations. 

At about this time the French, too, were experimenting with valve trans- 
mission, with a view to the development of wireless telephony. 

Towards the end of 1915 some transmitting valves of the “ Oscillion ^ 
type were obtained from America by the Admiralty. These valves were 
exhausted to a higher degree than the Marconi valves, and gave corre- 
spondingly better results. But the uncertainty of the supply, and the still 
far from perfect results obtained, made it evident that the requirements 
of a naval W/T set using transmitting valves could not yet be met. 

In the spring of 1916 a “ Pliotron " valve, made by the American General 
Electric Company, was purchased by the Admiralty for experimental work. 
This valve, which was similar in construction to those described in the 
General Electric Review of May, 1915, and September, 1916, had been very 
thoroughly exhausted. It was normally worked with the tungsten positive 
electrode at a bright red or even yellow heat, and but for one small defect 
was probably the equal of any valve made up to the end of 1918. 
High frequency currents of from 8 to 10 amperes were obtained in an aerial of 
about 5 ohms resistance, and with only about 2,000 volts available for the 
supply to the positive electrode. Had a higher voltage supply been avail- 
able there is little doubt but that the high-frequency power generated could 
have been doubled. On the only trial carried out for maximum range under 
signalling conditions communication was established between H.M.S. Vernon 
at Portsmouth and H.M. W/T station at Gibraltar. This was in June, 1916, 
and at the time was second in range obtained with an oscillating valve only 
to the famous wireless telephone trial between Arlington, U.S.A., and the 
Eiffel Tower. 

It was recognised that, although the “ Pliotron ” valves as then developed 
could not be manufactured on a scale sufficiently large to meet naval require- 
ments, the elements of successful development were present, and exhaustive 
trials and experiments were continued by the Experimental W/T Staff of 
H.M.S. Vernon. The results of these experiments, together with the infor- 
mation already published in the technical and scientific journals (principally 
American), enabled a fairly complete theory of the action of both the circuits 
and the transmitting valves to be worked out. This theory has formed the 
basis of all the subsequent designs. 

Early in 1917 the first attempts were made to manufacture transmitting 
valves in this country to meet naval requirements. These attempts were 
undertaken by the General Electric Company at their lamp works at Hammer- 
smith, in collaboration with the Naval Experimental W/T Staff. 

Previous to this, although the advantages of valve transmission were 
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fully realised, there had been no demand for additional lines of communica- 
tion, the requirements of which could not be met by the existing arc or spark 
installations ; nor was there any demand for the replacement of the latter 
by valve transmitters. Consequently, although the necessary conditions 
were investigated as fully as possible, no earlier steps were taken to start 
British firms on the manufacture of the larger valves, their staffs being 
already fully engaged on war work, 

By a fortunate coincidence, however, the construction of these valves 
Just preceded an urgent demand from the Grand Fleet for a valve trans- 
mitting set. The designs were worked out, and eight sets were put in hand 
in the W/T workshops in H.M.S. Vernon. The first two of the sets were 
despatched to the Grand Fleet on the night of Good Friday, 1917, within 
six weeks of the demand for the sets arising. Some two months elapsed, 
during which lengthy trials were carried out. On the strength of these 
trials it was decided to fit similar sets in a considerable number of ships, 
Contracts were placed with various instrument-making firms, and within 
one month the first of these sets was on its way north, not complete in every 
detail certainly, but sufficiently complete for satisfactory service. 

Meanwhile numerous experiments were conducted by the W/T staff of 
the Admiral Commanding Reserves with Marconi valves installed in W/T 
stations located round the coasts of the British Isles. These experiments 
gave useful information, and showed that results could be obtained even 
with valves that were only partially exhausted. In particular they demon- 
strated the advantage of working with high voltages for the supply to the 
positive electrode. 

The success of the first valve transmitting sets in the Grand Fleet led 
quickly to a demand for other sets of greater power. In the autumn of 1917 
a larger set was designed to work from the power supply of existing spark 
apparatus. The trials of this set were carried out during the winter of 
1917—1918, the details of the design being finished early in 1918. The 
apparatus was being fitted in ships as it became available throughout the 
whole of the summer of last year. То a great measure the success of this set 
was due to the type of aerial tuning inductance employed. This coil was 
designed by the W/T staff at Portsmouth primarily for use with Poulsen 
arc sets. The work previously carried out by this staff in connection with 
the design of inductances may be said, in fact, to have contributed more to 
the success of the valve sets than any other single item, except perhaps the 
design of the valves themselves. 

Whilst the parts of this more powerful set were being manufactured yet 
higher power sets were being experimented with for use on board ship and 
in the Admiralty shore stations. Outputs and ranges almost equal to those 
of the smaller Poulsen arcs were obtained, and the many advantages of the 
valve transmitter pointed to the certainty of it replacing the arc in the near 
future for all purposes except in the very highest-powered land stations. 

Valve transmitting sets also had their application in the other services— 
the Army and the Air Force. The direction and the nature of these applica- 
tions have already been described by Colonel Cusins, R.E., and by Major 
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Erskine-Murray before the Wireless Section of the Institution of Electrical 
Engineers. 
À similar development was of course also taking place in France and in 
America. Valves of very considerable power were being experimented with 
in France in 1917 under the direction of General Ferrié. In America the 
development was more in the direction of quantity production of relatively 
small power tubes for short range telegraphy and telephony work.  . 
Wireless telegraphy and telephony do not constitute the only spheres of 
utility of the three-electrode valve as an alternating current generator. For 
laboratory and testing purposes it is rapidly taking the place of all other 
sources of alternating current where frequencies above about 200 cycles per 
second are required. 
. The successful application of the valve transmitters to naval wireless was 
largely due to the valuable assistance of the following permanent and tem- 
porary members of the Naval Experimental W/T Staff, viz., Messrs. W. A. 
Appleton, B. S. Gossling, H. A. Madge, H. Morris-Airey, and C. M. Sleeman ; 
of Captain J. A. Slee, C.B.E., R.N., formerly on the staff of the Admiral 
Commanding Coastguard and Reserves; of Captain H. J. Round, М.С., 
formerly attached to Army Signals, and of Dr. G. B. Bryan, the Assistant 
Professor of Physics, R.N. College, Greenwich. 


2. Tue ACTION OF THE THREE-ELECTRODE VALVE AS AN 
: ALTERNATING CURRENT GENERATOR. 


Тһе conditions necessary for a three-electrode valve to act as a generator 
of alternating currents have been investigated by others besides the workers 
at H.M. Signal School, Portsmouth, notably, Hazeltine * in the Proceedings 
of tbe Institute of Radio 
Engineers, has given a 
very complete inves- 
tigation of the require- 
ments. Vallaurit has 
also worked out the 
critical condition for a 
few particular cases. 
Recently Eccles has 
shown, before the 
Physical Society of 
London, a method of 
investigating the pro- 


GRID VOLTAGE blem by a graphical 
Fic. 2. — method. 
| | The principles of the 


action of the three-electrode valve itself have already been described on 
many occasions. For the purpose of generating alternating currents a 
highly exhausted valve is generally used. Fig. 1 shows the construction of 
such a valve. 


9 Proc. Inst. Radio Engineers, April, 1918. 
T L’Elettrotecnica, January 25th and February sth, 1917. 
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Characteristic curves showing the control exercised by the grid electrode 


in a valve of this type are shown 
in Fig. 2. From these curves it is 
observed that, with the grid 100 
volts or more negative to the 
filament, it is only with high 
voltage on the positive electrode 
that the current at this electrode 
is appreciable. As the grid 
becomes more positive, the 
current at the positive electrode 
gradually increases to a more or 
less clearly defined maximum 
value. After this maximum has 
been reached any further increase 
of the positive voltage of the grid 
will lead to a decrease of the 
current at the positive electrode, 
because of the diversion of an 
appreciable portion of the electron 
stream to the grid itself. 

There are many ways of con- 
necting up а three-electrode 
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the steady conditions correspond to a point 


oscillations. One of the sim- 
plest is that shown in Fig. 3. 
Неге C 15 the condenser and L 
is the inductance. The fila- 
ment of the valve is heated 
by a battery B,, the heating 
current being controlled by the 
resistance №. The filament is 
directly connected to a point O 
on the inductance. The posi- 
tive electrode is connected to a 
point b on the inductance 
through a battery or other 
source Bẹ» The grid: is con- 
nected to a point a on the 
inductance, on the opposite 
side of the point O to that of 
the point 6, with a battery Ва 
in series. 

The filament current and the 
voltages of the batteries B, 
and B, are adjusted so that 


X on the curves of Fig. 2. 


H 2 
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Assuming that there is no time lag in the adjustment of the electronic 
stream to the changes of grid voltage, as should be the case theoretically 
for all frequencies up to ten million or more per second, then this arrange- 
ment of a valve with a capacity-inductance circuit becomes an alternator 
of frequency depending 
upon the natural fre- 
quency with which the 
current in the circuit 

Ls с. LC will oscillate. By 
00000000 adjusting the capacity 
and the inductance to 
L suitable values this 
frequency can have 
any desired value from 
at least ten million 
cycles per second down- 
wards to frequencies of 
250 cycles per second, 
or even less, if some- 
what bulky apparatus 
is not objected to. 

The circuit arrangement of Fig. 3 is but one of many possible ones. For 
instance, Fig. 4 shows a very commonly used circuit. Here the grid is 
influenced by the induced E.M.F. in the coil L} instead of by the induced 
E.M.F. in a part of the main coil L, as in Fig. 3. Fig. 5 shows a very con- 
venient circuit arrangement for a valve transmitter for wireless telegraphy. 
This arrangement is in principle the same as Fig. 4. The addition of the 
condensers С, апа C, and of the inductance L, are for reasons of practical 
convenience rather than difference of principle. 


Æ 


STEADY VOLTAGE 
SUPPLY 


m 


4 


Fic, 5. 


(To be concluded.) 


A New German Association for Applied Physics. 


Ас a meeting held. in Berlin on June 6th it was decided to found a 
new Association for Applied Physics. It is proposed to (г) hold meetings 
at which papers will be read; (2) issue a periodical with abstracts and 
original papers; (3) issue an index similar to the Chemical Zentralblatt ; 
(4) hold an Annual Convention in different towns; (5) consider educational 
matters and the foundation of scholarships. The first council includes, 
among others, Profs. Warburg, Kurlbaum, Gerdien, and Wagner. 
—Fahrbuch der Drabtlosen Telegraphie, August, 1919. 
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Review of Radio Literature 


1. Abstracts of Articles. 


. NomE.—4t 15 intended to devote tbe space in this section of tbe КАРО REVIEW 
to as complete a review as possible of the published literature of radiotelegraphy 
and telephony, and kindred matters. The more important of these papers and 
articles will be given in abstract, while, for the remainder, references will be given, 
accompanied by one or two lines to indicate the contents of the article. In thts 
way 1t 1s hoped to obtain a complete monthly record of the progress of the science, 
and of the latest developments and inventions relating thereto, that should be of 
considerable value to all research workers and students of the subject. 


10. On MEASUREMENT oF бісмді, StreNctH. W. H. Eccles. 
(Proceedings Inst. Radio Engineers, 7, p. 267, June, 1919.) 

Considerable use has been made of the “ shunted-telephone ” method of 

measurement of received signal strength, but confusion has sometimes arisen 


R+S ,, Z+8 
S and A' — 5 


, calculated from the 


between the audibilities 4 = 


results obtained. (R and Z = telephone resistance and impedance respec- 
tively, corresponding to note frequency in use, and S shunt resistance.) 

The author develops the vector diagrams for the circuit, and deduces 
curves showing the relation between A or A’ and the current “ strength- 
Detector Current 
Telephone Current? 
obtaining when the method is used for the comparison of signal strengths of 
the same note frequencies, it is shown that the quantity а cos ф is pro- 
portional to the square of the aerial current, provided that the efficiency of 
the detector remains constant. From the vector diagrams it is then seen 


that this quantity 
а? (S? + 22) — S? 


ratio," а = From a consideration of the conditions 


а cos ф-- 


2aZS 
For small values of S (loud signals) this reduces approximately to 
а cos ф-- ae and for faint signals to а cos $ = ee It appears 
2S’ дай ` РР 


from experimental curves given by Van der Pol that, taking the power 
ratio, а сов ф, as the measure of the signal strength, the detector 
appears not to be losing its efficiency with weak signals as rapidly as has 
usually been supposed. 

An alternative method of measuring the signal strength is also described, 
in which a local buzzer of adjustable pitch is employed to provide a com- 
parison signal of known and adjustable intensity. The method is also 
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applicable to C.W. reception. L. W. Austin, in the discussion on the paper, 
supplies additional information relative to the use of the telephone resistance 
or impedance in the calculation of the audibility factors. 


20. A New METHOD or using Contacr Detectors ім RaDio 
МЕАЗОВЕМЕНТВ. L. W. Austin. (Proceedings of the 
Institute of Radio Engineers, Vol. УП., p. 257, June, 1919.) 

An arrangement of crystal detector for radio-frequency measurements is 
described. The crystal detector, in series with a galvanometer, is shunted 
by a non-inductive resistance. This complete unit may be calibrated 
against a small low-reading hot-wire instrument by reducing the value of the 
non-inductive shunt. The complete shunted detector can then be used for 
other shunt values by dividing the sensibility by the shunt ratio. A table 
of sensibility and maximum working current is given for various shunt 
resistances. 


21. Measurinc THE Capaciry or Vacuum Товеѕ. (Everyday 
| Engineering Magazine, 7, p. 299, August, 1919.) 

A simple method is described in which the grid-filament capacity is 
measured, under working conditions of the tube, by determining the wave 
length of a closed circuit with and without the valve in parallel with the 
tuning condenser. 


22. CouPLING For Rapio Circuits. Е. Bellini. (British Patent 
126978, February, 1916.) * 

The coupling of two oscillatory circuits is dealt with, and the advantages 

are pointed out of a combined magnetic and electric coupling in order to 
secure oscillations of a single frequency. 


23. COUPLING FoR WIRELESS TELEGRAPH APPARATUS. J. Bethe- 
nod. (British Patent 128575, March, 1918.) 

This patent relates to a special means of coupling a high frequency 
alternator to a transmitting aerial. The alternator is provided with a 
number of separate windings which are coupled to the aerial circuit by 
separate transformers. These transformers may have iron cores in certain 
cases. 


24. APPLICATIONS OF THE VALVE. (La Nature, 47, pp. 117—126, 
August, 1919.) 

The latest developments of valve apparatus are considered in three classes : 
Complete stations; Amplifiers; and apparatus for special research or 
investigation. In the first, and second, descriptions of some French Army 
C.W. sets are given, while the third deals with laboratory apparatus. 


* See footnote, p. 49. 
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French Army Radio Sets.—The most generally used set since 1917 (type 
C.A.) has a three-valve transmitter and a crystal or valve receiver. One 
valve of the transmitter acts as a hetorodyne when receiving. Twelve watts 
are used for filament heating and about 20 watts (at 350 volts) for the plate 
circuits. Using an umbrella aerial 27 metres high a range of 250 km. has 
been obtained. Total weight of set with cells = 160 kg. Weight of set 
alone 50 kg. 

The most recent combined transmitting and receiving sets have six valves, 
three used for transmission and three for reception; while among receiving 
sets three valves are generally used, one detecting and two low frequency 
amplifying; or with four valves, one for Н.Е. amplification, one detecting, 
and two low frequency amplifiers. For a 1 kw. radiotelephone set, six large 
valves are used, with a Н.Т, voltage of 1,000 and a filament voltage of eight. 
The microphonic control is effected on the grids of the transmitting valves, 
through a two-valve low frequency amplifier. For speech communication 
with aeroplanes a range of 120 km. has been obtained with this set and a 
telegraphic range of 1,000 km. 

Under the heading of amplifiers descriptions are given of high and low 
frequency amplifiers using four, six or eight valves with inductive or resistance 
capacity couplings. 

Wavemeter standardisation.—In connection with the standardisation of 
wavemeters, the arrangement devised by H. Abraham is described (see 
Rapiro Review, Abstract No. т). Two valves V, V, are used, fed from 
common filament and 
plate circuit batteries 
as indicated in Fig. г. 
The coupling between 
the valves is provided 
by the two variable 
condensers C, C,. By 
adjusting these con- 
densers the funda- 
mental frequency of 
the oscillations can be 
controlled. Harmonics 
up to the r5oth can 
be obtained, enabling 
absolute frequency determinations to be made up to a frequency of 
150,000 (A = 2,000 metres) by direct comparison with a tuning fork of 
frequency 1,000. | 

Interference prevention—An arrangement for this purpose attributed to 
Lieutenant Levy, consists of a double application of the heterodyne principle. 
The incoming oscillations from the receiving aerial are first heterodyned to 
a frequency of 10,000, and this resultant frequency again heterodyned to a 
musical frequency of about 700. The effect of atmospherics can by this 
means be greatly reduced. 


Fic. г. 
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25. APPARATUS FOR THE Rapio LasonmaTonv. М. B. Sleeper. 
(Everyday Engineering Magazine, 7, pp. 357—359, Sep- 
tember, 1919.) 

Constructional details are given for a laboratory wavemeter with views 
of the complete instrument, and calibration curves. 


26. Air Fans ror Driving ELECTRIC GENERATORS oF AERO- 
PLANES. G. F. Gray, J. W. Reed, and P. N. Elderkin. 
(Journal of the Franklin Institute, 188, p. 270, August, 1919.) 

The authors describe the method employed by the radio development 
section of the United States War Department in testing air fans for driving 
the electric generators used for radio communication on aeroplanes. The 
various types of fans are discussed at some length and also the difficulties met 
with in designing a fan to run at constant speed with widely varying aeroplane 


speeds. 


27. ResEARCH WORK or THE GENERAL ELECTRIC COMPANY IN 
THE GREAT УУокір War. J. R. Hewett. (General 
Electric Review, 22, p. 601, August, 1919.) 

This article describes in detail the work of the General Electric Company, 
U.S.A., and includes references to and photographs of high-frequency 
machines and other radio apparatus of recent design. The 200 kw. 25,000 
cycle high-frequency alternator of the Alexanderson type installed at the 
New Brunswick (N.J.) radio station, is described and illustrated. The 
various continuous wave valve transmitting sets used with the United 
States Army in France are also described. An interesting oscillogram is 
given of the control current of the Alexanderson magnetic amplifier micro- 
phone and the resultant current in the New Brunswick aerial taken during 
a conversation between the U.S. Naval Secretary and President Wilson over 
a range of 500 miles. This article includes photographs of some of the latest 
types of American “ pliotrons,” but very little detail of the internal structure 
can be distinguished. 


28. SPECIAL ТҮРЕ oF QUENCHED SPARK Rapio TRANSMITTER. 
D. G. McCaa. (Proceedings of the Institute of Radio 
Engineers, 7, pp. 409—415, August, 1919.) 

A quenched spark transmitter is arranged with a double aerial system, 
so that the capacity in the highly-damped primary circuit is that between 
one of the aerials and earth. Experiments are described and oscillograms 
given showing the spark frequency and radiation characteristics. 


29. Пізснавсв-САР Apparatus. Société Française Radio- 
Electrique. (British Patent 126030, December, 1915.) * 
This particular apparatus for the production of electric oscillations consists 


* See footnote on p. 49. 
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of an evacuated vessel containing a heated filament for cathode, and an 
anode of mercury or amalgam, capable of emitting vapour. 


30. IMPROVEMENTS IN WIRELESS SIGNALLING SystEMs. The 
General Electric Company (U.S.A.). (British Patent 
128682, January, 1918. Patent accepted July 3rd, 1919.) 

In wireless signalling systems using continuous waves, amplitude 

pulsations of the oscillations in the aerial are produced by a series of alter- 
nating currents of different frequencies of a lower order than the wave 
frequency. In the arrangement described in this specification the aerial 
is excited by a high frequency alternator which is controlled by a magnetic 
* microphone,” or magnetic amplifier. This magnetic amplifier is provided 
with direct current excitation and in addition with currents drawn from any 
one of a number of alternators of different frequencies driven from the same 
shaft as the main high frequency alternator. Multiplex telegraphy may be 
accomplished in this manner by simultaneous sending with three or more 
different note frequencies. At the receiving station separate circuits are 
employed tuned to the different note frequencies in order to obtain the 
requisite selectivity. 


31. THE VALVE as OSCILLATION GENERATOR. (Popular Science 
Monthly, 95, p. 142, October, 1919; New York World, 
July 8th, 1010; Wireless World, 7, pp. 456—457, 
November, 1919.) l 
An important judgment was given in the U.S. District Court, New 
York, in July, to the effect that Claim 1 of the U.S. Patent No. 803684, 
held by Dr. J. A. Fleming, and describing his well-known valve, is to be 
held as covering its use not only as a radio detector, but also as an 
oscillation generator. 


32. A TRANSMITTER DEsIGNED To RapiatE Waves or Low 
Decrement. С. L. G. Fortescue. (Wireless Age, 6, 
p. 22, August, 1919.) 
The use of a special tuned circuit upon the step-up transformer of a spark 
transmitter is claimed to enable waves of lower decrement to be radiated. 


33. RADIOTELEPHONE DEVELOPMENT IN THE Army. М. H. 
Slaughter, G. F. Gray and J. W. Stokes (Signal Corps, 
U.S.A.). (Electrical World, 74, pp. 340—343, August, 1919.) 

A general description of the apparatus developed by the Signal Corps for 
radiotelephone communication with aircraft. The development of the sound 
proof helmet for receiving, and microphone transmitters unresponsive to 
engine noises, are dealt with, and details are given of constant voltage wind- 
driven generators with vacuum tube regulation. 
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34. WIRELESS TELEPHONY. (Post Office Electrical Engineers’ 
Journal, 12, p. тот, July, 1919.) 

This article deals with demonstrations of wireless telephone apparatus 

by the Marconi Company. Besides other information as to the working of 

the sets, it contains the wiring diagrams of the transmitter and receiver, 


PII 
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which have not previously been published. The transmitting valve is excited 
from an alternating current supply through a rectifying valve (Fig. 2), 
while the receiver comprises three radio frequency amplifying valves and 
one detecting valve (Fig. 3). 
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45. MODULATING Apparatus For Нісн Frequency ELECTRIC 
SIGNALS. The Western Electric Company (0.8.А.). 
(British Patent 130219, October, 1918. Patent accepted 
July 31st, 1919.) 
An arrangement is described for the modulation of a radio transmitter 
(such as for speech transmission, etc.) in such a manner that radiation takes 
place only when the modulating current is acting and not continuously. 


One such arrangement is shown in Fig. 4. Gis the source of Н.Е. oscilla- 
tions of the “ carrier" frequency. This is coupled through Т, to the common 


grid circuits of modulating valves Рі, Və The plate circuits of these valves 
are coupled through Та to the output circuit. The two primaries of T, 
produce opposing effects on the output circuit so that normally no radiation 
takes place. When modulating current is supplied through Т, the potentials 
of the grids of Г, and V, are varied in opposite sense, so that the oscillatory 
currents through the primaries of T4 no longer balance, and radiation takes 
place. | 

In an alternative arrangement the two valves may be replaced by a 
differential microphone controlled electromagnetically by the modulating 
current. | 


36. IMPROVEMENTS ІЧ Vacuum Товеѕ. С. A. Bauvais. (British 
Patent 130039, August, 1917. Patent accepted July 31st, 
1919.) 

During the exhaustion of a valve the spiral grid is heated by passing 
current through it, and the plate is heated by electronic bombardment, using 
the grid as cathode. In the use of the tube current may also be passed 
through the grid wire so that the potential difference between any point on 
the grid and the adjacent part of the cathode is the same at all points along 
the grid. 
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37. IMPROVEMENTS IN Vacuum Товеѕ. С. A. Bauvais. (British 
Patent 130040, August, 1917. Patent accepted July 31st, 
1919.) 

This ee describes the use of screens round the supports for the anode 
and grid in order to prevent deposition of a conducting film on the leading-in 
seals. Cooling of the electrodes in a high voltage valve may be promoted by 
making the surfaces large and by covering them with a material of high 
emissivity. 


38. Vacuum Товвв. H. Pilon. (British Patent 125945, 
April, 1918.) 
This patent deals with constructional details of vacuum valves, the special 
feature claimed being the shaping of the anode, so that the filament is in 
equilibrium under the resultant electrostatic forces. 


39. IMPROVEMENTS IN VALVES FOR WIRELESS TRANSMISSION 
Systems. C. Hiatt, W. J. Davis, and Edison Swan 
Electric Company. (British Patent 129051, April, 1918. 
Patent accepted July 1oth, 1919.) 

The construction of anodes for valves is described. In the particular form 
dealt with the anode plate has an extension integral with it which may either 
be embedded directly in the glass stem of the bulb, or pressed round a post 
similarly mounted. The object of the invention is to obtain an arrangement 
such that the supports for the anode become heated by conduction from the 
anode plate during the exhaustion of the tube, thus increasing the facility 
with which the occluded gases may be removed. 


40. Artom’s Visuat RECEIVER FoR ПівестіуЕ WIRELESS TELE- 
GRAPHY. (Wireless Age, 6, p. 21, August, 1919.) 

An arrangement is described for automatically indicating the direction 
of the received waves on the scale of the instrument. A special form of 
moving coil galvanometer is employed, energised from the rectified current 
derived from the two directional aerials, so arranged that its pointer indicates 
„Ше required wave direction on the galvanometer scale. 

Special constructions of vacuum valves are also described, to facilitate 
the use of valve detectors for this purpose. 


41. THE Роввівпитівв oF CoNncEALED Recervinc SYSTEMS. 
A. H. Taylor. (Proceedings of the Institute of Radio 
Engineers, 7, p. 261, June, 1919.) | 

Experiments on various forms of frame aerials are described, and par- 
ticularly the directive results obtainable with two frames at right angles. 

Less interference from atmospherics was generally found with this 

arrangement. 
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42. APPARATUS FOR THE CONCENTRATION oF Епкствтс WAVES 
IN A SINGLE DIRECTION, OR UPON А Fixep Point. L. Rota 
and E. Binetti. (British Patent 128624, August, 1917. 
Patent accepted July 3rd, 1919.) 

The apparatus for transmitting and receiving electromagnetic waves in 
or from a predetermined direction consists of a series of cylinders, or prisms, 
with their axes lying along the required direction, the cylinders, etc., being 
connected to each other by transformers, and an end cylinder being connected 
to the oscillation producing or reception circuit. The specification provides 
for the enclosing of these cylinder “ aerials ? inside an additional set of tubes. 
These tubes may be connected to batteries through resistances and choking 
coils as necessary. The arrangement is claimed to ensure secrecy in working, 
and to prevent interference by atmospherics, or by signals intended for other 
stations, and to prevent absorption and dissipation due to atmospheric 
electricity. 


43. AERIALS AND LIKE RADIATING AND RECEIVING CONDUCTORS. 
General Electric Company (U.S.A). (British Patent 
127675, May, 1916.) 

A frame-aerial directive receiving arrangement, comprising a coil of large 
number of turns wound over damping copper sheets of low impedance. The 
energy of signals or atmospherics coming from other directions than in the 
plane of the coil is damped out by the copper sheets. 


44. EXPERIMENTS ом GROUND AERIALS WITH THEIR RELATION 
то AtmospuErics. C.D.Herrold. (Radio Amateur News, 
I, p. 11, July, 1919.) 
This paper deals with extensive experiments on the various types of 
ground aerials. A double aerial, with the receiver in the centre, was found 
to give the best ratio of signal strength to atmospheric strength. 


45. TRANsATLANTIC Rapio Recerrion. С. A. Culver (0.5. 
Signal Corps). (Journal of the Franklin Institute, 187, 

РР- 529—579, 1919.) "T 
This communication deals with the results of an investigation of the 
reliability of various receiving stations for transatlantic reception. Com- 
parisons were made by the shunted telephone method using low horizontal 
aerials. Signal audibility was found proportional to the 12 power of the 
length of the horizontal aerial. Signal strength at different receiving stations 
was found to vary as between one station and another at the same time of 
day. The signals at a given station might show a comparatively satisfactory 
signal audibility for a short period of time, while at the same time signals 
from another transmitting station were below normal strength. Various 
devices for eliminating atmospheric interference were also tested but with 


negative results. 
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The experiments indicated that the strength of X's of local origin varied 
inversely with the velocity of the wind and the air temperature. À marked 
agreement was found between X-strength and the humidity of the air, while 
variations in the X-strength corresponded directly with changes in the value 
of the horizontal component, H, of the earth’s magnetic field. 


46. Evecrromacnetic Waves. Т. J. Pa. Bromwich, D.Sc., 
F.R.S. (Philosophical Magazine, 38, p. 143, July, 1919.) 
À mathematical paper devoted entirely to the development of electro- 
magnetic theory. 


47. TRANSMISSION or Епествис Waves Rounp THE EARTH. 
G. N. Watson, D.Sc. (Proceedings of the Royal Society, 
95^, рр. 546—563, July, 1919.) 
mathematical paper devoted to radio transmission theory. It investi- 
gates the consequences of the assumption that the earth is surrounded by 
a concentric conducting layer (Heaviside layer) at a considerable height, 
and of the ionisation theory of wave refraction and reflection. The con- 
clusion shows that the ionisation theory is sufficient to explain the observed 
facts concerning the rate of decay of electric waves transmitted over large 
sheets of water, and confirms the theory put forward by Heaviside and 
Eccles. See also Rapio Review, p. 78. 


48. PROPAGATION or ELECTROMAGNETIC WAVES ROUND THE 
Елктн. Balth. van der Pol (Philosophical Magazine, 
38, p. 365, September, 1919.) 

A mathematical paper devoted to the theory of wave transmission round 
the earth. It deals with the theoretical solution of the problem of defraction 
round a sphere of electric waves emitted from a source close to the sphere, 
and of wave lengths small in comparison to the circumference. It is suggested 
that the daytime signal strengths should be considered as normal instead of 
the night-time ones. The object of this article is the comparison of the 
observed normal value with the magnitude to be expected according to the 
defraction theory. Numerical data are given by which it is shown that the 
actual value of the received wave amplitude according to Austin's measure- 
ments is about two million times larger than the value to be expected by the 
pure defraction theory. The cause for this discrepancy must be looked for 
higher up in the atmosphere. Eccles’ theory of ionic defraction is therefore 
strongly supported by these conclusions. See also Rapio Review, p. 78. 


49. Tue Scientiric Рвовгкмз or ELECTRIC Wave TELEGRAPHY. 

J. A. Fleming, D.Sc. (Journal of the Royal Society of 

Arts, 67, pp. 597—605, 612—618, 625—631, August, 1919.) 

These Cantor lectures give a general summary of radio transmission and 
reception methods. 
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50. A New Type or Recervinc Tuner. М. B. Sleeper. 
(Everyday Engineering Magazine, 7, p. 292—295, August, 
1919.) 

Ап Келе та with the uses of the “ honeycomb ” standard induc- 
tances manufactured by the de Forest Radio Co. (U.S.A.). These are 
multi-layer coils wound with spaced turns to reduce the self-capacity and 
high-frequency resistance. Wave-length curves are given for these coils 
used in combination with various capacities. 


51. TELEPHONE Retays ror Wiretess. І. N. Brillouin and 
G. A. Beauvais. (British Patents 127013, 127014, March 
and November, 1916.) 
This patent relates to multi-valve receiving amplifiers, in which the grid 
is worked at a positive potential with respect to the filament. 
Less interference from strong signals and X’s is claimed. 


52. An American RECEIVER USED ON Евемсн Suips. (Everyday 
Engineering Magazine, 7, pp. 296—298, August, 19109.) 
A general illustrated description is given of valve receiving sets used on 
certain French vessels. A single “ French” detecting valve is employed. 


53. WIRELESS SIGNALLING Systems. І. Shoenberg and Marconi's 
Wireless Telegraph Co., Ltd. (British Patent 127634, 
May, 1917.) 


Relates to the use of A.C. for the heating of valve filaments. 


54. THE Рковъвмз or Vacuum Tuse Circuirs. L. M. 
Clement. (Everyday Engineering Magazine, 7, pp. 300— 

302, August, 1919.) 
A consideration is given of the amplification obtainable with various 


arrangements of amplifying valves, using resistance, inductance, or inductive 
couplings. 


55. ІмРКОУЕМЕМТЗ IN Vacuum Товкз. H. W. Edmundson 
and W. T. Munro. (British Patent 127724, June, 1918.) 

Describes a metallic screen round the anode of a valve to prevent heating 
of the glass stem and deposition of a conducting film on leading-in seals, 


56. CASCADE AMPLIFICATION oF A SINGLE Vacuum Тове. (Wire- 
less Age, 6, p. 23, July, 1919.) 

This article describes a valve developed by Alexander Nicholson. The 

filament surrounds the first control electrode, and a cylindrical plate or 

anode encloses the whole. Two other grids and anodes are mounted on the 


outside of the above construction. By this means a three-stage amplification 
may be obtained in a single tube. 


а 
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57. THE APPLICATION or AMPLIFIERS TO THE RECORDING OF 
WinELESS SicNALs. H. Abraham and Е. Bloch. 
(Comptes Rendus, 169, pp. 282—285, August, 1919. Revue 
Générale de P Electricité, 6, pp. 323—324, September, 1919.) 

A frame aerial receiver is used in combination with two multi-valve 
amplifiers, of eight and three valves respectively. The first five valves are 
used for radio frequency amplification, the sixth as a detector, and the last 
two for low frequency amplification. To the end of this amplifier a special 
three-stage amplifier is connected, arranged with the grid of the last valve 
maintained normally at a negative potential, so that the plate circuit current 
is practically zero. The reception of the signal causes the plate current to 
jump to the saturation value, and so influences the recorder. This second 
amplifier thus takes the place of the usual relay. 

Any ordinary Morse printer or recording galvanometer may be used. 
Medium strength atmospherics do not affect the recorder. Using a frame 
coil of forty turns 1-2 metres diameter, successful records of transatlantic 
signals have been obtained. | 


58. А Comparison оғ THE Wave Form oF THE TELEPHONE 
CURRENT PRODUCED By A THERMAL DETECTOR AND BY A 
REcTIFIER IN HETERODYNE Reception. Вай. van 
der Pol, D.Sc. (Proceedings of the Physical Soctety of 
London, 31, pp. 290—298, August, 1919.) 

A theoretical treatment is given of the wave form of the telephone current 
resulting from the heterodyne method of reception of wireless signals. 

When a detector is used generating a potential difference at the telephone 
terminals proportional to the square of the aerial current, it is shown that 
the lowest frequency “ harmonic ” of the resultant current is 

1, Т, cos (оу — wa) t. 

With a rectifying detector the theory becomes more involved, and the 
telephone current is J, cos w,t — 14 cos w, with the condition that when 
this function is negative it is replaced by zero. The fundamental frequency 


bd * e 1 e е . е 
of this function is әт times the greatest common factor, f, (including fractions) 
Ti 


of (wi + wə) and (w; — өз), so that «e, + e, = (p+ 4) fand e, — wa = (p —9)f 
where (р + Ф and (p — q) are the smallest integers, allowing (е + юз) and 
(v4 — о) to be expressed in this form. 

The relative magnitudes of the amplitudes of the different harmonics are 
wholly determined by the values of p and 4. The harmonics of the order 


(p+ Ф, 2(p 4- Ф, 3(р + Ф, 200. . ек. 


and (p = q), 2(p n q), 3(p = 0), s ы . etc. 
will have much greater amplitudes than the remaining harmonics. 

It is further shown that the amplitude of the harmonic of order (p — 4) 
is, for practical cases, much larger than that of the fundamental, and that 
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it is likely that the ear will take the harmonic of order (p — q) as determining 
the pitch of the sound in the telephone receiver, as in the case of the thermal 
detector. Owing to the larger number of harmonics obtained with the 
rectifier, the thermal detector shows a theoretical advantage, from the point 
of view of interference from other wave lengths. 


59. [IMPROVEMENTS IN RECEIVERS For WIRELESS SIGNALS. С. 8. 
Franklin and Marconis Wireless Telegraph Company. 


(British Patent 128673, September, 1917. Patent accepted 
Joly 3rd, 1919.) 

The use of the heterodyne method of reception for very high frequencies 
presents difficulties through inability to maintain the required frequency 
difference between the local and the incoming oscillations. The arrangement 
described in this specification provides for the regular variation of the local 
frequency so that the heterodyne beat frequency passes through the whole 
range of periods up to about 150,000 per second, a considerable number of 
times per second. The local variation of frequency may be obtained by a 
small rotary condenser connected in parallel with the oscillation circuit. 
The frequency of the capacity variations of this condenser may be arranged 
to give a musical note, such as, for example, 1,000 variations per second. 
Alternatively, a rapid variation of the inductance of the circuit may be made 
to produce a similar effect. 


60. IMPROVEMENTS RELATING TO WIRELESS SIGNALLING SYSTEMS. 
The General Electric Company (U.8.A.). (British Patent 


129722, December, 1917. Patent accepted July 24th, 
1919.) 

The receiving conductor or “ aerial” is formed as a frame coil which is 
placed in the vertical. plane containing the receiving station and the desired 
transmitting station. The second coil is mounted perpendicularly to the 
main receiving coil, with the object of screening the receiving coil from the 
undesired waves emitted from an adjacent transmitting station. The main 
receiving circuit should be tuned to the wave length of the station from 
which the signals are to Бе received, while the second coil at right angles is 
tuned to the frequency of the interfering station which is to be cut out. 


бі. IuwPRovEMENTS IN APPARATUS FOR ELIMINATING INTER- 
FERENCE. H. Richmond and Marconi's Wireless Telegraph 
Company. (British Patent 130107, April, 1918. Patent 
accepted July 25th, 1919.) 

The wireless receiving apparatus adapted to prevent interference by 
signals from undesired stations comprises a pair of directive frame aerials 
mounted perpendicularly to one another. The plane of one of the aerials 
is arranged to include the station from which it is desired to receive signals. 
The energy received on this aerial is transferred to the receiving circuit and 


detector in the usual manner. The same receiving circuit is also coupled 
d 
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adjustably to the second frame aerial. Signals from an undesired station 
affect both aerials and by adjusting the couplings the undesired signals may 
be neutralised in the receiving circuit. 


62. ImpRoVEMENTs IN WirELEss Recervinc Apparatus. К. А. 
Weagant, F. N. Waterman, and Marconi’s Wireless Tele- 
graph Company of America. (British Patent 129625, Con- 
vention date July, 1918. Application date for British 
Patent, May, 1919.) 

The aerial arrangements dealt with in this Patent are described in RAp10 

Review Abstract No. 18. 


63. THERMIONIC Devices ror MacniricaTion Purposes. G. M. 
i Wright and Marconi’s Wireless Telegraph Co., Ltd. 
(British Patent 127651, May, 1917.) 
This patent deals with the 


use of a succession of valves so Y i: 
arranged that the strength’ of е 5 
atmospheric disturbances is LB ей le 
reduced, while, at the same 

time, any desired magnifica- | | Ша шөл 
ШІП) Be 5 


-— 
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— 


с 
tion can be obtained. Тһе P 
circuit for two valves is shown 
in Fig. 5. Fic. 5. 
64. DupLex WIRELESS SIGNALLING. General Electric Company 
(Г.5.А). (British Patent 127335, April, 1917.) 

An arrangement for duplex wireless signalling employing separate trans- 
mitting and receiving aerials at each station. The effect of the emitted 
waves on the adjacent receiving aerial is neutralised by impressing opposite 
potential variations on the receiving aerial by coupling it electrostatically 
or electromagnetically to the transmitting aerial. Different frequencies 
may be used for transmitting and receiving. 


65. WIRELESS AERIALS FoR Аіксвлғт. В. Binyon. (British 
Patent 127434, June, 1918.) | 
An easily detachable trailing aerial for aircraft is described. The aerial 
wire isftontained inside the plummet which is dropped from the ‘plane. 


66. THE Савот Converter. С. Е. Caines. (Proceedings Inst. 
of Radio Engineers, 7, p. 281, June, 1919.) 

A description of the Cabot commutator converter for supplying high- 
tension direct current from a polyphase A.C. source. The theory of the 
commutation is given and specifications for a 1 k.w. transformer for use 
with this apparatus. Voltages up to 100,000 D.C. may be obtained. 
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67. WinELEss Соктвог oF TorpEepors. А. Е. Ericson. 
(British Patent 128295, July, 1917.) 
Synchronously revolving commutators are used at the transmitter and 
receiver in order to determine the use to which any given impulse is put in 
controlling the torpedo. 


68. WinELEss Controt or Distant Apparatus. H. J. С. 
Proumen and A. le C. de Lautreppe. (British Patent 
127848, May, 1917.) 

бо. Rapio SrGNALLING. J. Stone-Stone. (Proceedings of the 
American Institute of Electrical Engineers, 38, p. 933, July, 
1919.) 

The Annual Technical Committee report, giving a brief summary of the 
year's radio progress.. 


70. RADIOTELEGRAPHY IN COMPETITION WITH WIRE TELEGRAPHY. 
R. B. Black. (Proceedings of the Institute of Radio 
Engineers, 7, pp. 391—407, August, 1919. Telegraph and 
Telephone Age, pp. 434 and 459—462, September, 1919.) 

This paper deals with some of the obstacles encountered in overland radio 
service. The organisation and operation of the Pacific coast chain of duplex 

22277. belonging to the Federal Telegraph Company is described in 

etail. 


71. RADIOTELEGRAPHY BY InFrA-RED Rays. J. Herbert- 
Stevens and A. Larigaldie. (Comptes Rendus, 169, pp. 
136—137, July, 1919. Revue Générale de El lectricité, 6,. 
РР. 476—477.) | Є 

The results obtained in recent wartime experiments in infra-red photo- 
telegraphy are described. A thermo-electric detector was used, with an 
arc or incandescent lamp for transmitter. Ranges up to twelve miles have 
been obtained. 


Correspondence. 


HARDENING AND SOFTENING OF IONIC TUBES. 


To THE Егітов, THE “ Ranio Review.” 
SIR, | 
The phenomena described by Professor С. 1. Fortescue on page 35 of 
your October issue occur in all kinds of ionic tubes, and are of immediate 
importance to those who use the thermionic high-vacuum valve with either 
two or three electrodes. Dr. Bryan’s.explanation is given on the same page. 
I now write to offer another explanation. | 
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Suppose the filament to be at its normal temperature in an ordinary com- 
mercial tube and suppose that the voltage applied is producing about half 
the saturation current. Doubtless some of the molecules present will be 
ionised by collision with the electrons, but in a steady state of affairs the 
electron flow will be sufficient to prevent the positive ions reaching the 
cathode in any considerable number. Now let an unusually high voltage 
be applied between the anode and filament without alteration of the tem- 
perature of the latter so that the saturation current is being taken. Then 
more positive ions will be formed because the collisions will be more vigorous, 
their speed will be greater, and there will be appreciable bombardment of 
the filament by positive ions. We may suppose that these ions become 
embedded in the filament to form what is called occluded gas. 

Now suppose that the voltage applied between the anode and filament 
is reduced to an unusually low value so that the electron current is far below 
saturation. The space charge accumulates densely near the filament and 
the voltage gradient at the surface of the filament becomes negative. This 
is indicated by the curve marked V in Figure 3 on page 15, of my paper 
in your October issue. Hence the positive ions lying upon, or embedded 
in the filament tend to be drawn into the space charge. This is evident 
because the same space charge that pushes negative ions (electrons) back 
into the filament will encourage positive ions to leave it. And these positive 
ions if they enter the space charge in quantity lead to the flow of a greater 
current through the vacuum and make the valve, as we say, “soft.” ss 

In this explanation the assumption is made that the positive electrons 
occluded by the filament remain there unneutralised. This assumption 
seems reasonable when one recalls that according to the kinetic theory of 
matter the averaged velocity of, say, the hydrogen molecule in the incan- 
descent filament is much greater than that of the metal molecule and is only 
fifty times smaller than the averaged velocity of the electrons in the metal. 
Even if the filament is allowed to cool and is then reheated the occluded 
gas may be expected to become кор BER e stt. Hence the superior con- 
ductivity of gas liberated from a highacathode over cold gas admitted into 
a tube. 

This method of hardening has been used for several years in the manu- 
facture of valves, each tube being treated individually. It seems worth 
mentioning that it should be possible to utilise these phenomena in the 
construction of what might be called an electric pump for the production of 
the highest vacuum. The pump would consist of a cathode of very large 
surface and an anode in a glass bulb with a side tube to which the vessels 
to be exhausted to the limit would be sealed. A high voltage between the 
anode and the cathode in the pump would ionise and deposit the gas coming 
from the vessel to be evacuated. 

Yours faithfully, 
City and Guilds Technical College, W. Н. Eccrzs. 
Finsbury, E.C. 2. 
October го, 1019 
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The Elimination of Magneto 
Disturbance in the Reception 
of Wireless Signals on Aircraft.” 
Ву CAPT. JAMES ROBINSON, R.A.F., M.Sc., Ph.D. 
O: aircraft, and more especially on aeroplanes, the problem 


of the reception of wireless signals is complicated by two 
factors :— 
(1) The external noise due to the engines and the rush of wind, 
and 
(2) The disturbance а in the receiver due to the magneto 
of the engines. 


To deal with the external noises, the only possible thing is to 
use helmets and earpieces which fit as closely as possible to the 
head and ear. Itis possible by taking such precautions to cut 
down the noise of the engines very appreciably. In any case, 
there is always so much noise that signals must be of much greater 
intensity than at ground stations in order to be of any use. It 
is thus essential to use the best of amplifiers in aeroplanes. 

To deal with magneto disturbance a very different procedure 
is required, as the disturbance is electromagnetic, produced by 
the spark discharge of the magneto. Unless this disturbance is cut 
out, no gain is obtained by increasing the amplification of signals, 
for the amplifier usually also increases the magneto disturbance 
in the same proportion as it increases the strength of signals. 
This disturbance is especially bad in directional work, because 
the wireless energy picked up by loops is small. 


* Paper received August, 1919. 
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Some laboratory experiments were undertaken to find out the 
cause of this magneto disturbance and to try to find effective 
methods for cutting it out. A magneto with six sparking plugs 
was fitted on a bench in the laboratory, the magneto being driven 
by a belt from shafting. A D.F.* single coil with a valve amplifier 
was used for reception, the amplifier having high and low fre- 
quency parts. 

The effect of distance was first investigated. Moving the D.F. 
coil and amplifier together, it was found that the disturbance is 
large when within eight to ten feet of the magneto system and 
diminishes rapidly as the distance is increased above this. 

The D.F. coil and amplifier were then moved separately, long 
leads being employed between them. It was found that with 
the D.F. coil near the magneto and the amplifier far away, the 
disturbance was just as bad as in the converse case of the amplifier 
near the magneto. However, when the D.F. coil was near the 
magneto, it was discovered that the disturbance was not cut down 
by breaking the circuit to the amplifier. One lead was broken at 
the coil end and then the other, and the disturbance was still bad. 
Hence it appeared that the leads were of importance. When the 
leads were taken away from the neighbourhood of the magneto, 
the disturbance diminished. 

The leads were then removed from the amplifier altogether, 
and it was found that the disturbance vanished, unless of course 
the amplifier was close to the magneto. If the amplifier was used 
alone and was at such a distance from the magneto that there 
was no disturbance it was found that the disturbance appeared 
if a lead was stretched between the magneto and amplifier without 
touching either of them and in fact being at a distance of a foot 
from both the magneto and the amplifier. This showed that 
the leads were responsible to a large extent for producing the 
disturbance. 

Attempts were made to shield the leads by putting them in 
an earthed tube, and this again inside another earthed tube, 
but without effect. 

However, these experiments led to the inference that the cause 
of the disturbance was probably the emission of very short waves 
by the magneto system. This inference was strengthened by the 
following simple experiments. With the amplifier disconnected 

from the D.F. system and at a distance such that no disturbance 


* D.F. = “Direction Finding." . 
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was observed, the disturbance appeared when a wire of a few 
inches length was joined to one terminal of the amplifier the free 
end of this short wire being insulated. This seemed to show that 
this short wire acted as an aerial for very short waves. The short 
wire now had its free end joined to the other terminal of the 
amplifier. It was found that the amount of the disturbance 
depended on the shape given to this wire. When the wire was bent 
into a shape nearly circular, the disturbance was larger than when 
it was drawn out into an elongated form. This seemed to put 
beyond doubt the inference that the disturbance was due to short 
waves, for giving various shapes to this short wire was equivalent 
to giving different frequencies to this short wave aerial circuit. 
In order to verify this conclusion finally, a short wave stopper 
was made, consisting of a variable condenser of a few centimetres 
capacity and of a very small inductance consisting of two or three 
turns of wire on a former of about two inches diameter.- The 
D.F. coil was now joined up to the amplifier and placed in a 
position where magneto disturbance was obtained. The small 


Fic. І. 
A. D.F. Coil. E. Filament terminal of amplifier. 
B. Tuning condenser. F. Small variable condenser. 
C. Amplifier. > H. Small inductance. 


D. Grid terminal of amplifier. 


condenser F and the small inductance H were joined up to form 
an oscillating circuit with a frequency corresponding to wave 
lengths which could be varied from two to ten metres. This 
oscillating circuit was placed in the lead from the coils to the 
amplifier close up to the grid terminal of the amplifier, and it is 
known that such a tuned circuit offers very large resistance to 
waves of the same frequency. It was found by this circuit that 
it was possible to cut down the magneto disturbance very con- 
siderably by varying the condenser F, thus proving that a large 
part, if not all of the disturbance, is due to waves of wave length 


between two and ten metres. 
Е 2 
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It is easy to see how such waves are produced. The magneto 
system consists of means for producing a high potential and a 
spark gap for discharging it. Leads are necessary to connect the 
magneto to the spark gaps and these leads have small capacity 
and small inductance, thus acting as oscillators and radiators of 
short wave lengths. The spark gaps have leads of various length 
so that various short waves are radiated from the magneto system 
of an aeroplane. 

To get efficient cutting out of the disturbance by this means, it 
would be necessary to have a number of tuned stoppers. It was 
however suggested that all wave lengths would be cut out by using 
an inductance which would act as a choke for short waves. An 
inductance of I,000 to 2,000 microhenries was found to be very 
efficient and to be without appreciable effect on received signals. 
Such a choke has increased the range of reception on aeroplanes 
very considerably. 

However on certain aeroplanes, especially of large type, these 
short wave stoppers are not efficient enough for D.F. work. This 
is probably because the radiated waves from the magneto system 
of such aeroplanes are longer than those obtained in the laboratory 
experiments. Itis easy to understand this for there are sometimes 
very long leads connected with the magneto system. 

Various other devices were tried in the laboratory to try to cut 
out the disturbance completely. Stoppers for very long waves 
were tried without the smallest success. 

It was thought that possibly a D.F. coil with a large number of 
turns might not be increased in efficiency by increasing the number 
of turns indefinitely. A device was tried of shorting a number of 
turns at each end of the frame. It was considered that these 
shorted turns might absorb all the magneto disturbance, but it 
was found to be of no benefit. 

Balancing methods were tried on the assumption that it ought 
to be possible to pick up extra disturbances from the magneto of 
equal magnitude and opposite phase by the use of a search coil. 
Search coils were tried in the high-frequency circuit of the D.F. 
coil, and again in the low-frequency circuit of the telephones, in 
various forms. Some slight amount of cutting down of the dis- 
turbance was obtained by some of these balancing methods, but 
they were abandoned as being too complicated. 

The most efficient magneto cutting-out device is to shield the 
magneto system completely. The magnetos themselves should 
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be encased in metal shields. The high-tension leads from the 
magneto to the sparking plugs should be run in earthed tubes. 
The same applies to the low-tension leads. When this is done 
properly there is no trace of magneto disturbance in the most 
sensitive receiving system. It is not always necessary to put the 
magnetos in special metal cases. This applies in the cases where 
the engines are completely cowled. The earthing of the metal 
shields of the high-tension and low-tension systems is most impor- 
tant. It is not sufficient to bind earthing wires round the metal 
shield and the earth system if these metal parts are covered in 
grease. Good earths should be made to the common potential} 
of the metal framework of the aeroplane, consisting of the engines, 
tanks, and bracing wires. The metal casing of the H.T. leads 
must be earthed every 18 inches or 24 inches by as short leads as 
possible. This applies also to the low-tension leads. This 
earthing at various places provides closed circuits which form 
oscillating circuits for very high frequencies, and thus help to 
absorb the short waves radiated from the magneto system. 

This shielding of the magneto system is invariably efficient if 
саге is taken. It is purely a matter of paying attention to detail, 
and in a large number of cases it has always been successful. At 
times the disturbance appears so bad as to make it seem hopeless 
to try to cut it down. Stray leads going past exposed magneto 
parts and then past the receivers are responsible for conveying 
the magneto disturbance. 

In this connection, it is worth noting that disturbances appear 
which are often called magneto disturbance, but which are really 
nothing of the sort. There is so much vibration on aeroplanes 
that if there is anything loose about the receiver or the D.F. 
system, a vibration is set up which produces noises similar in 
character to magneto disturbance. Such cases have arisen as the 
following :— 


(1) Loose connection in the receiver. 
(2) Loose connection inside a valve. 


An effect has been observed in certain types of amplifier which 
has so far not received satisfactory explanation. It is possible to 
choose valves and conditions such that without any other aid, 
the magneto disturbances are entirely cut out. This is of such 
importance that with such amplifiers it is worth while spending 
some time in interchanging valves and trying various adjustments. 
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When the correct conditions are obtained, it is found that as the 
filament current of the amplifier is increased, the signals increase 
continuously in strength but the magneto disturbance increases 
to a point and then suddenly vanishes only to reappear if the 
filament current 
further increases 
(Fig. 2). 

It is hoped that 
this effect will soon 
be understood so 
that it can be re- 
produced at will. 

My thanks are 
due to Major J. 
Erskine Murray, 
D.Sc., for his in- 
terest and advice 
in the course of 
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On the Goniometric Functions Applicable to 

Directive Aerials. 

By A. BLONDEL. 

(Continued from page 66.) 
HE resultant electromotive force for the case of a Type D 
| loop will be the integral of the elementary electromotive 
forces 96у sing as defined above, calculated for each 

element of height dz. 

In short the simple goniometric functions sing and cos¢ 
previously used are replaced by more complicated integral 


functions : 
| ay 
gon дъ = | sin Eg e) = 4 dz\ 
(28) 
2 
воп Өз = | : COS ELI 42 
20 ры 


ғ 
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In the case where the antennz are simply sloping straight wires 
tor which the distance from the centre of the loop is z at the base 
of the aerial and г at the top, and putting zy = 0 at the base, the 
function f (2) has the simple form 

2 = Z9 + aio, 
21 

If the aerial has a polygonal shape, each rectilinear section has 
an equation of the same form. 

Generally it will be seen that the expression gon 6, instead of 
having the simple value given above, takes the form of the ratio 
of two integrals 


f m E! 2 sin 4 de 
gon 0 20 


gon (7 — 0) | 7 sin [PEO сов 1 a, 
2 А 
0 
For each value of 0, these integrals may be calculated, іп any case 
by means of graphical integration by plotting the curve of the sines 
as a function of z. 

It is possible therefore for any value of 6 to determine the value 
of the function gon 0 and to draw up a double-entry table or else 
a standardising curve, similar to those described in .the above 
simpler case, from which @ can be determined by the general 


+y 


formula as soon as У has been measured by the radio- 


2... (24) 


goniometer. 

The accuracy observed in calculating gon 0 must increase as 
the wave length decreases. The same must apply to the precision 
with which the aerials are constructed, so that for small wave 
lengths of тоо to 150 metres it is advisable that the aerials be 
constructed each of a single wire, rather than of a number of wires 
more or less separated from each other. 

We see that the use of short wave lengths as prescribed by the 
International Convention introduces certain complications which 
do not exist with larger wave lengths. 

S type frames may be connected to a fixed earth wire at an equal 
distance from the two aerials, so that the vectorial electromotive 
force of this earth wire is simply proportional to ey anc is in phase 
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with the resultant electromotive force of the two aerials, so that 
its effect is added in the circuit acting on the detector (represented 


Бу mutual inductance L). 
The two equations (17) are therefore replaced by two others, 


of the following form: 


L + M gon 0 — N gon (5 — 9) =H) 
т RET ғ“ 
L-r-N gon (5 — 6) — M' gon 0 — do, 


The second term may be eliminated by subtracting these two 
equations term by term. It will then be seen that the term L is 
eliminated so that the solution is the same as for equations (17). 
This implies, of course, that the two earth wires are arranged in an 
exactly identical manner, and run from the same point in each 
loop, a condition which can easily be realised. It should be noticed 
also that L is eliminated in the case of the simple loops. 

On the other hand, in the alternate measurement method 
(equation 19) the term де 1, must be added to each bracket under 
the sign Е except when the function F is simply one of direct 
proportionality. "When this is not the case the earth wire intro- 
duces a fresh complication into the comparison method. 


П. THE EFFECT OF WAVE DECREMENT. 


The logarithmic decrement does not give rise to any appreciable 
disturbance when using a single loop “ zero-method ” arrange- 
ment, since the two positions where the sound in the telephones 
disappears are always symmetrical with respect to the direction 
of the waves. 

On the contrary in the case of direction-finding systems using 
two frame aerials, when the direction of the waves approximates 
to the plane of one of the loops, the magnitude and phase of the 
two induced currents may become unequally modified, and it is 
no longer correct to compare them in the same manner as in the 
case of undamped waves. The conditions under which the com- 
parison methods may be legitimately applied must therefore 
be examined and the errors estimated. 

Two types of wave damping must be corisidered :— 


(а) Waves of simple decrement, produced by the sudden 
excitation of the sending aerial which is then left to 
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oscillate freely (neglecting the transient period at the 
moment of shock excitation). 


(b) Waves of complex decrement which occur (1) in the case 
of a quenched spark transmitter; and (2) in the ordinary 
waves resulting from the coupling of the aerial with a 
local oscillating circuit. In this latter case there is an 
alternating exchange of energy between the aerial and 
the oscillating circuit, the state of affairs in the aerial 
being represented algebraically by the sum of two oscilla- 
tions of unequal wave length, of more or less unequal 
damping and for each of which a starting period should 
be considered. 


(а) WAVES oF SIMPLE DECREMENT. 


Neglecting the transients at the commencement of the oscilla- 
tions, the received waves have simple decrement and constant 
frequency. The effect of damping is two-fold ; firstly it modifies 
the time period, but this makes no radical change and it is merely 
necessary to substitute the new frequency ; secondly, it weakens 
the wave as it is propagated, thus giving rise to a difference 
between the amplitudes of the electromotive forces induced in the 
two aerials, which increases with their distance apart. An 
important modification of the goniometrical functions results 
therefrom. 

Goniometrical Functions.—For simplicity, let о = Әт/Т, where 
T =the time period; = АП, be the damping coefficient, 
A being the logarithmic decrement *; + t be the time representing 
the phase difference between each antenna (assumed to be vertical) 
and the axis mentioned above; п be the corresponding phase 
angle [£ = t'/T = g sin 0/М; ј = /—1. The other symbols are 
the same as used in Section I. above. The expression for the 
electromotive force, ер, induced in a simple antenna placed on the 
vertical medial axis of the loop, takes the form : 


бола te tuo "DE (26) 


Since the phase of the waves reaching antenna 2, nearest to the 
transmitting station, is — Ё in advance, while, when they reach 


* The damping, as is well known, may be very small (0:05 to огот) with transmitters of long 
wave lengths using umbrella aerials, or aerials with low radiating power; it becomes very 
important (o'2 to o'5) with simple aerials with large radiating power, excited either directly 
or indirectly. The latter are imperative with short waves to obtain the necessary range. 
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antenna 1, furthest from the transmitter, the phase lag is +, 
the expressions for the electromotive forces e, and ед become: 
ву = ege OHI — ве +00 + 2008 
ЗА = еде — (8 4- jo)t --- е0 — (А + 273) 
By addition and subtraction, we obtain respectively : 
(Type р): 
64 — ёз = 2egsinh (4 + Amy) 6 . 
= де (sinh AE cos 2ré + j cosh 46 sin тё) . (27) 
(Type 5): 
е + ёа = дед cosh (A + 2mj)£ 
= Qep (cosh A£ cos 2m£ -+ j sinh АЕ sin 2ré) . (28) 
The real part of these expressions represents the component in 
phase with the electromotive force е in the imaginary aerial, and 
the imaginary part, the component at right angles. The ampli- 
tudes of the resultant vectors are respectively де С, and де С“, 
writing G апа (©; for the radiogoniometric functions : 
(IypD): /— ^ ^ 
Gp = V(sinh АЕ cos IE)? + (cosh A£sin тё)? 
= А/біпҺ246-Б sin? див... . . . . . (99) 
(Туре 5): 
G3’ = (cosh AE cos п)? + (sinh AE sin QE)? 
== /sinh?4£--cos?9mÉ . . . . . . . . (80) 
The corresponding phase angles are respectively : 
tan тё 
tanh АЕ (31) 
tan ys = tan тё. tanh 464 . . . . (82) 
The goniometrical functions obtained by dividing (27) and (28) 
by 2e9 are no longer scalar functions but are vectorial, since there 
is a phase difference between them caused entirely by the damping. 
It is easy to explain this more clearly by a geometrical inter- 
pretation. On page 58 the electromotive forces in the two aerials 
were represented simply by two equal vectors E, and E, making 
angles + ф and — ¢ respectively with the axis of reference corre- 
sponding to the phase of the central imaginary aerial. The damp- 
ing does not change the values of the angles ф, but alters the values 
of the vectors E, and Е, by multiplying them by the exponential 
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е“, 8 being the damping coefficient defined above. As shown 
in Fig. то, the extremities a, and ад of these vectors (having origin 
at the fixed point O) no longer trace out a circle as $ varies, but a 
logarithmic spiral. 

Set off dg аз = Ой, and 
join Оаз and ад dg, then the 
vector Oaz which is the re- 
sultant of E + Es, repre- 
sents what we have called 
G,’ above, and makes an 
angle of lead ys with the 
line OX (angles of lag are 
measured in the direction 
of the arrow). 

In the same way, the 
vector да Qı representing 
the geometric difference of E, and Е, corresponds in magnitude 
and phase with Gp, and the angle between аа a, and OX 15 
what we have called yp above. 

By the help of Fig. 10 we can easily obtain expressions for these 
vectors and angles, by making use of the projections of E, and Eg 
upon OX and upon an axis perpendicular to OX, thus : 

Projection of да a, on OX = е (е — є“) соѕф 

= 9e, sinh dt’ . соѕф. 
Projection of ag a, on perpendicular to OX = е (e + e~*) sind 
— 2e9 cosh dt’ . sind. 
Projection of Oag on OX = eg (е + €7*) соѕф 
= 2e, cosh dt’ . cos 
Projection of Oag on perpendicular to OX = eg (6 — в“). sind 
= де sinh dt’ . sind 
which may be easily transformed by replacing ФР by its value 
Аф от = 46. In this manner the expressions (29), (30), (31), and 
(32) may easily be obtained. 
In discussing the phase of the differential resultant e, — 6, it 


; ; : T 
is easier to consider the complementary angle y = 5 — Y» which 


may be calculated by the expression 
tanh AE 
tan дт 


tan y = 
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As a matter of fact у becomes zero with undamped waves, and 
differs little from it with damped waves (Fig. 11). 
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In the more general case of slanting aerials, it is necessary, as 
we have seen above, to integrate the components of the electro- 
motive force at each point, making use of a knowledge of the 
equation of the shape of the loop, + æ = f (z)—assuming for 
simplicity that the loop is symmetrical with respect to the vertical 
medial axis : 


Type (D) : 
£1 41 
gonf= | віпһ/ 6. сов 2z£ . dz +i f cosh A £. sin ré. dz . 
20 20 . . (88) 
(Туре 5): 
a4 21 
gon = | cosh A бсо.) | sinhA£.sin9m£.dz . 
20 20 . . (84) 
f (2) sin 0 
¿= ET 


where 
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The calculation is therefore difficult. 

Once in possession of the goniometrical functions for simple 
damped waves, it is easy to deal with the reception of these waves 
by frame aerial arrangements, using the same methods as employed 
above for undamped waves. 

But the unknown function F representing the response of the 
detector with continuous waves, would here become considerably 
more complicated, if it were necessary to express it in greater 
detail, since it is known that the damping of the receiving circuits 
and their coupling, have a direct effect upon the strength of the 
damped current which passes through the detector.* 

In any case—and this is the most important point to rrmember— 
because of the very fact that the waves are damped, the current 
to which they give rise is dissymmetrical and it is therefore no 
longer possible to neglect the direction in which the current 
commences with respect to the detector, when the latter is unsym- 
metrical, as is the case with crystal detectors. 

If, for example, in the first instance the antenna a, receives the 
waves before the antenna а», and adjustments are made for the 
sound which is just audible in the telephones, the connections to 
the detector should be reversed in order to retain the same con- 
ditions when the loop is subsequently rotated so that antenna dg 
receives the waves before antenna a, in determining the second 
position of just audible sound. This complication can be avoided 
by the use of symmetrical detectors for integrating the energy. 
The effect of the wave damping can then be neglected as shown 
in Section III. below. 


(6) Waves wiru CoMPLEX DECREMENT. 

When the signals are formed of very highly damped wave 
trains, some account must be taken of the growth of each wave 
train. The calculation is therefore much more complicated even 
when it is assumed, as is done here, that both the loop (or system 
of two adjacent aerials) and the receiving circuit energised there- 
from, are tuned sufficiently exactly to one of the two wave lengths 
set up by all indirectly coupled transmitters, that the effect of the 
other wave can be neglected. 

It can merely be stated T that the electromotive force eg set up 


* See, especially, M. Wien, Annalen der Physik, 8, p. 696, 1902; and Drude, Annalen der 
Pbysik, 13, p. 528, 1904. 

t See, Bjerknes, J/1edemann's Annalen, 44, p. 74, 1891 ; 55, p. 121, 1895; M. Wien, Fabrbuch 
der Drabtlosen T elegrapbie, 1, p. 462, 1908; Zenneck, “ Handbook of Wireless Telegraphy,”’ 
РР- 79—31, 1909. | 
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in the imaginary central aerial by the wave length utilised, is the 
difference between two imaginary exponentials representing the 
two different decrements A and A’. We may therefore write :— 
е) = yE + ) Е по... oè œ (85) 
where Е is the maximum amplitude, у = «(8 t ?77, and 
д = — e (САУ mum 
If, as above, + Е is the phase difference ТРА the imaginary 
aerial and each of the two real antennse, it is easily shown that the 
magnitude and phase of the resultant electromotive force in the 
loop is given by * 
(Type D loops) : 
е — ez = Еу sinh (A + 9п7) E + 2H! sinh (A! + 277) E  . (86) 
(Type S loops) : 
е + ёа = 2E cosh (4 + 2m) E+ ФЕ») cosh (A’ + тј) E . (87) 
The response produced by the crystal detector being as stated 
above, a function F (depending upon the detector) of the electro- 
motive force, of the [circuit] constants and of the dampings, it 
becomes necessary to separate out the terms involving А and 4” 
and to consider the corresponding function F and Е. Each loop 
will therefore have a double goniometric function :— 
(D loops) : 
: gon 0 = y sinh (A + 2mj) £ | (38) 
gon’ 0 = у sinh (А" mo" E 


gon Ө = y cosh (A + 20) £ (89) 
gon’ 0 = у cosh (A’ no MB 
and will give rise, at the detector, to a complex effect m. the form 
Е (ФЕ mod gon 0) + Е (2E mod воп’ 6) . . . (40) 
As an example, let us apply the preceding to the case of the 
compensation method with two loop aerials, of the same type 
and perpendicular to one another : 


» loops): 


* If the aerials are not vertical, but have a shape expressed by the equation + 2 = f (2) as 
a function of the height 2, these expressions should be replaced by integrals of the form 


f 2E sinh (A + 279) гоа . de + ES sinh (A! + 2j) EL . dz, 


for Type D loops, as an example. The TP thus becomes complicated. 

Further let us neglect the commencement of the building-up period of the oscillation in the 
loop by assuming that the wave reaches the two aerials at the instant when 6 rises from 
zero—which is not quite correct, but the error is sufficiently small to entitle us to neglect it. 
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As above, let М and N be the mutual inductances between 
these two loops and the detector circuit when the detector current 
is reduced to the minimum perceptible value; є the electro- 
motive force corresponding to this minimum; М” and N’ the 
values of M and N for the second position of the movable loop 
to give the same minimum. Equations (11) are then evidently 
replaced by the following : 


Е [2E mod (M gon 0 — N gon a)] 


+ F'[2E тоа (M gon'0 — Ngon’a)] =e’ . . (41) 
Е [2E mod (M’ gon 0 — N’ gon a)] 
+ F [3E mod (M'gon' 0 — № роп’ о)] = е . . (49) 


T T em 
writing a= g — 0 to simplify the expression, and noting that 


2 
Е and F’ are positive. In the case of an energy integrating 
detector, the symbols F and Е" indicate that the expressions 
within the brackets should be squared; but the calculation, 
although then possible, remains difficult. In the case of crystal 
detectors F and F” cannot be determined either theoretically or 
even empirically in any useful manner, since E is unknown when 
making an observation, and varies with the distance from the 
transmitting station. The elimination of F, F’, and Е is there- 
fore no longer possible, and 0 cannot be calculated by a geometrical 
relation as in the previous cases. 

The problem is only capable of approximate solution in the 
particular case when the decrements 4 and A’ are very small and 
the width of the loop, 22, is sufficiently small compared with А to 
enable the differences between the magnitudes and phases of the 
electromotive forces e, and ез to be neglected. It is then correct 
to express е and ез as in the case of sustained waves, the only 
condition being that the function F takes complete account of 
the form and of the two decrements of the waves received by the 
loops. This solution is moreover only applicable to the Type D 
arrangement. 

The whole of the above demonstration shows that direction- 
finding by means of short waves and with receiving aerials having 
a spacing which is a considerable fraction of the wave length, 
introduces complications which become more serious as the wave- 
form of the oscillations constituting these waves becomes more 
complex. The approximations allowable for taking account of 


~ 
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the decrement of the waves in a simplified manner are indicated 
below. 


III. THE ERRORS DUE TO NEGLECTING THE 
DAMPING. | 


In practice it is only necessary to consider a single decrement, 
particularly with impulse type transmitters which are the only 
ones which can be recommended. 

Returning to the case of a simple decrement (A’ = 0) the 
expressions for Gp and Оз can be studied more easily by putting 
them in the, form : 


Gp = y sin® + sinh? 4% 2... (29a) 


т 
Tem 2 inh? 49 
Gs / cos? @-+ sinh DOR LI (30a) 


This form is suitable for estimating the error introduced by 
neglecting the damping—+z.e., by taking the values of sing and 
cos ф for G and Gy’ respectively. 

This error, which is zero when ф = 0, increases with Ф. Since 


ф = ci sin 0, the value of ф increases with 0 (which has a range 


of 0 to 7/2) ; $ reaches its maximum of Әтг/Х when 0 = 7/2. This 
maximum increases when 2/d is increased. In practical cases 
2/А is not greater than 1/4, so that the maximum value of $ cannot 
exceed 7/2. At this value the errors in Gp and G,’ will reach their 
greatest values. For the latter this error is sinh 4/4, but for the 
former it is only v1 + sinh *(4/4) — 1, t.e., 4 sinh 4/4 nearly. 
The effect of damping is therefore greater for Gs’ than for Gp. 

When sin ф = cos ф, that is when ¢ = 45° (corresponding to 
0 = 7/2, for z/X = 1/8), the values of Gp and Gs’ are equal, and | 
the same error is made by taking them as both = 4/9/9 = 0-7. 
Fig. 12 gives the values of Gp and G,’ as a function of 0; for the 
purposes of comparison, the corresponding values of Gp and G; 
for А = 0 (1.е., for sustained waves) have also been plotted оп 
the same diagram (dotted lines). 

Even for the limiting case z/A = 1/4 the error incurred by 
neglecting the damping hardly exceeds a few per cent., even for 
0 = 7/2. With a loop having a width of a quarter of a wave 
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length (z/X = 1/8), the greatest possible error will be less than 
I per cent. for Gp as well as for Gy’. 
As to the errors in phase, they also may easily be considered by 
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means of the expressions given above. It is easily seen that for 
Type D, the phase angle yp varies between the limits of 7/2, for 


L 
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0 = п/2 and any value of A, and тап”! 27/4 for 0 = 0, indepen- 
dently of the value of z/A. 

The phase error aris ng from neglecting the damping increases 
with the width of the loop but is always small for Type D—for 
example, when 4 = 0-4, it is at the most 8° 40’ (for 0 = 0°). 

On the other hand, for Type S it may become very large, since 
ys which is zero for 0 = 0 and any values of A and z/A, becomes 
90° when 0 = 90° and z/A = 1/4. For smaller values of z/A, ys 
decreases very rapidly ; for z/A = 1/8 it is only 4°, for z/A = 1/16, 
ys hardly reaches 1° when 0 = 7/2. 

Fig. 13 gives the values of уд as a function of 4. 
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The preceding investigation shows пр the influence of damping 
on direction-finding. Primarily it must be noted that the action 
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of the detector is sensibly modified but this need only be taken 
into consideration if the detector 1s of the rectifying crystal type. 
On the other hand, damping can give rise to considerable errors, 
but if care is taken to employ “ Type D," which is now the only 
one used in practice and to adopt a wavelength longer than that 
at present fixed by the Convention of London, these errors become 
negligible. This is also the case if the size of the receiving aerials 
is reduced. 

The object of the present paper has been especially to show the 
advantages of modifying the limit of 150 metres wavelength, 
which has been fixed for *'radiophares," and to adopt a greater 
wavelength, such for example as 1,000 metres, but with the high 
sensitivity which can now be obtained with frame aerials of small 
dimensions by the use of amplifiers fairly practical and satis- 
factory results can be obtained with these frames. One difficulty 
only remains, resulting from the influence of wave reflections on 
the superstructure of the ships and of parasitic induced currents 
in all metallic parts of the ship such as stay wires, funnels, etc. 
In this connection it should be noted that larger wavelengths give 
rise to less trouble than small ones, for while the shrouds and metal 
masts are very liable to resonance with wavelengths of 100 to 
150 metres, they are very much out of tune when wavelengths 
of 1,000 metres are used. 

As to phenomena arising from reflections of the waves by 
metallic surfaces, the experiments of the lieutenant of the Mesny 
have shown up the remarkable fact that on an ordinary commercial 
vessel these reflections give rise to systematic quadrantal errors of 
the same type as the usual magnetic errors found with the com- 
pass, and in consequence the correction curve can be determined 
once and for all for each vessel. 

In these favourable circumstances it is hoped that direction- 
finding on board ships will play a very important part in naviga- 
tion in the future, provided that a sufficiently long wavelength 


can be employed. 
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The Inductance of Single-Layer 


Rectangular Coils. 
By THE EDITOR. 
Qi of the results of the development of the cascade amplifier 


is the possibility of receiving relatively weak radio signals 

by means of a coil aerial without the use of an elevated 
antenna. Much of the transatlantic work is now received in this 
way. In addition to the saving of expense there is the advantage 
derived from the directional selective action of the coil with regard 
both to atmospheric disturbances and to interfering stations. 
The latter point is of great importance in duplex working where 
the interference comes from one’s own transmitting station. 

For constructional reasons the type of coil employed is usually 
rectangular ; whether helical or plane spiral, the rectangular 
form is much more easily constructed than the circular. 

The formulæ for the calculation of the inductance of rectangular 
coils are not so convenient as those for circular coils. In the 
August number of the Jahrbuch der drahtlosen Telegraphie a paper 
by A. Esau is published * in which a formula for rectangular coils 
is developed. The method adopted is that used by Strasser in 
1905 for the inductance of cylindrical coils. It consists in adding 
up the self-inductances of all the turns and the mutual inductances 
between all the pairs of turns. The accurate formula for the 
mutual inductance involves benomials and logarithmic terms 
which are expanded in terms of the powers of the ratios g/a and 
g/b where g is the pitch and a and b the sides of the rectangle. 
Since these ratios are always small all powers above the square 
are neglected. The formula obtained, however, is very cumber- 
some, involving some twenty terms of various degrees of import- 
ance. It also necessitates reference to Strasser’s constant 
2 log [m — 1)! (n —2) ! .. . 1] values of which are tabulated in 
Vol. 8, p. 195, of the Bulletin of tbe Bureau of Standards, U.S.A. 
When the two sides of the rectangle are equal, that is, when the 
coils are square the formula is greatly simplified and the induct- 
ance can be written L = 8a n (S, + Sa) where a is the side of the 
square in centimetres, n the number of turns, 9, a number depend- 
ing on a/p (where pis the radius of the wire), and S, a number 


* Варо Review, Abstract No. 73. 
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depending on т and д/а. Esau gives curves from which S, and 
S, can be read off if great accuracy is not required ; he also gives 
tabulated values from which greater accuracy can be obtained. 
By means of five examples the author shows that for a given 
length of wire the maximum inductance of a square coil is obtained 
when the axial length is about 0:45 of the side of the square. Не 
also gives four examples of rectangular coils with different ratios 
of the sides а and b, but with a constant value of a + b, that is 
with a fixed length of wire. We have plotted his results and as 
the curve shows, the square has the largest inductance. Esau 
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also compares the square coil with a cylindrical coil with the same 
length of wire and shows that the latter has about 15 per cent. 
higher inductance than the former. 

In all his comparisons Esau assumes equal lengths of wire, but 
we wish here to draw attention to similar comparisons based on 
the assumption of equal areas of coils of different shapes. If a 
coil is very long compared with its diameter or diagonal the value 
of H within it for a given current is equal to 47/10 times the 
ampere-turns per centimetre whether the cross-section of the coil 
be circular, square, or rectangular. The total flux-linkages per 
ampere, and therefore also the self-induction, depend on the area 
of the cross-section and not on its shape. For coils in which the 
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diameter is not very small compared with the length, this is not 
strictly true, but the area forms in all cases a much better basis 
of comparison than the length of the wire. 

We have calculated the inductance of four rectangular coils 
each with twenty turns of wire of 0-067 cm. diameter with a pitch 
of 0-08 cm. and therefore an axial length of 1-6 cm. We have 
kept the area constant at 400 sq. ст. The results are as follows :— 


is of 52 2. L z square 
20 x 20 1-00 207,800 1:000 
25 x 16 0:64 210,500 0:986 
40 x 10 0:25 942,400 0:857 
50x 8 0-16 270,000 0-77 


It will be seen that.m this case, the square has the lowest induc- 
tance, and that even when the length of the coil is only 0-08 of the 
side of the square,—a very far departure from the infinitely long 
solenoid,—the equality of area gives much closer agreement 
between the inductances of squares and rectangles than does 
equality of length of wire. The values are plotted on the same 
diagram as the values given by Esau. 

Square and cylindrical coils are used in practice much more 
than rectangular ones and it is therefore of greater interest to 
compare the inductances of square and round coils of equal area, 
more especially as radio-engineers are more familiar with the 
calculations for cylindrical coils and generally have the necessary 
formule or curves at hand. As we have already pointed out, the 
inductances for equal areas are identical if the coils are very long 
compared with the diameter ; if the coil is not so long, the square 
coil has a greater inductance than the cylindrical one, the ratio 
increasing as the coil is shortened and reaching its maximum with 
a single turn of wire. 

Taking for example the square coil of 20 cm. side and twenty 
turns, a cylindrical coil of the same area would have a radius of 
11:28 cm. and an inductance of 202,000 cm.; hence even in this 
case the square coil has an inductance less than 3 per cent. greater 
than the cylindrical coil. A single square turn 90 x 20 cm. of 
0:067 cm. wire has nearly 8 per cent. greater inductance than the 
circular turn of equal area. 


Dec., 1919. THE RADIO REVIEW | 127 


An Investigation of the Internal Action of a 
Triode Valve. 


By W. H. ECCLES, D.Sc., M.I.E.E. 


(Continued from page 77.) 
EFFECT OF THE FALL oF POTENTIAL ALONG A FILAMENT. 


When the cathode is a filament heated electrically there is a 
fall of potential along the filament amounting to four or six volts 
in small receiving triodes and to twenty or forty volts in large ones. 
It is necessary to examine the 
effect of this fall of potential 
upon the lumped characteristic. 
In Fig. 13, FF’ represents the 
length of a filament, F being 
the negative end, of a cylin- 
drical triode. Let us suppose 
that, on being given a definite 
value of the anode and grid 
| С! voltages relative tothe negative 

, end, a plane perpendicular to 
+F the filament is drawn at any 
point of it, and that the volt- 
ages of these electrodes above 
that of this point of the fila- 
ment are represented by ordi- 

, nates!on the corresponding 
РА point of ЕЕ. For instance, 
at the end F of the filament 
| Р the end of the anode is e, volts 
above the filament, and the end 

of the grid is e, volts above ; 

at the end Е" the anode is е, — e, volts above the corresponding 
point of the filament, and the grid is e, — e; above, where e, is the 
voltage applied to the filament for maintaining its current. In 
order that the diagram may at once give the lumped voltage we 


A 


Fic. 13. 
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shall set g times the grid voltage to scale up the page, and the anode 
voltage to the same scale down the page. This is done at G and 
G’, at A and A’. It is evident immediately that the relative 
voltages in any plane, and the corresponding lumped voltage, are 
given by joining GG’ and AA’ by straight lines and then drawing 
an ordinate through the filament abscissz concerned. At a point 
distant x from the end Е the lumped voltage relative to the filament 
is given by the length PQ. Since the gradient of the anode line 
is ejl and that of the grid line ge,/l, the anode is e, — 26//1 volts 
and the grid ge, — где“ transferred" volts, above the filament 
in the plane distant z from the negative end, | being the length of 
the filament. The lumped voltage is, therefore, 


PQ = e, + ge, — (1+ 9) eal 
in any plane, and the electron current in this plane is proportional 
to the three-halves power of this expression. The total current 
at any given adjustment is given by integrating the ordinate PQ 
throughout the area AA'G'G. The 
formula is easily obtained, but is 
not required here. 

As the grid voltage rises the line 
GG’ moves up the page parallel to 
itself; as the anode voltage rises 
the line AA’ moves down the page 
parallel to itself. Keeping the 
anode voltage fixed, and varying 
the grid voltage from extreme 
negative values to extreme positive 
values of potential, we see that the 
grid lines take successive positions 
such as those numbered I, 2, 3 in 
Fig. 14. Thearea swept over by 
the moving line is at first a rapidly 
growing triangle—then a rhomboid 
growing steadily, and then a 
slowly growing five-sided figure 
when the line SS’ is intersected. 
This line represents the saturation 
level. Itis drawn parallel to AA' 
because the saturation current 1s reached at each end at the same 
relative voltage, that is, the voltage AS equals the voltage A'S’. 


Fic. 14. 


Dec., 1919. THE RADIO REVIEW 129 


Inspection of the areas swept over by the moving line shows, 
without elaborate calculation, that the effect of the fall of potential 
along the filament is practically confined to the knees of the 
lumped characteristic—the middle portion is not affected. This 
conclusion is exhibited graphically in Fig. 15, where the actual 
curve that would be obtained by an experimenter using one end 
of the filament as his zero of potential is shown as a mean between 
two ideal curves that would be obtained from the same triode if, 
first, all the filament were at the potential actually possessed by 
one end, and, second, all at the actual potential of the other end. 


THE STRAIGHT Part or CHARACTERISTIC CURVES. 


For many practical purposes the straight part of the triode 
characteristic is the most important part, and there are many 
types of tube in which 
it is longer than the 
curved parts. Insome 
cases the three-halves 
power law holds over 
only about a sixth 
part of the charac- 
teristic. It is very 
desirable to have an 
explanation of this 
striking departure 
from the three-halves 
power law, for in the 
absence of an under- 
standing of the causes 
the designer works in 
| the dark. There are 
many factors to which the phenomenon might be attributed—factors 
omitted from the analysis of the preceding pages. Among these 
are the finiteness in the length of the electrodes and the consequent 
stray electric field, the magnetic effect of the filament current, the 
flow of the electron current to right and to left along the filament, 
the distribution of velocity of the electrons at emission, the produc- 
tion of secondary electrons, the space charge that accompanies the 
flow of the grid current, the cooling of the ends of the filament, 
and others. We have investigated already the effects of the fall 
of potential along the filament and have found that it cannot have 
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any appreciable influence in producing the straight part of the 
characteristics ; and upon close examination it is found that only 
one of the factors enumerated above can account for the facts ; this 
is the cooling of the ends of the filament, or, in other words, the 
rise of temperature from the ends to the centre of the filament. 
The explanation to be offered applies to all forms of triode 
utilising heated filaments as cathodes, and does not depend on 
whether the filament is straight or folded; but for simplicity 
we shall assume that we are dealing with a cylindrical triode 
possessing a straight axial filament. The middle parts of the 
filament are surrounded by Ше" anode, which serves incidentally 
as a good reflector of the heat radiated from the filament, and 
therefore tends to keep up the temperature of the centre portions. 
The ends of the filament are, on the other hand, rather strongly 
cooled by the leads that support it and also by the opportunity 
for radiation. Now, the electron current that can be drawn from 
a hot filament increases rapidly with rise of temperature—for 
example, the saturation current per unit length of a certain 
filament while at a uniform temperature of 2,200? K was 15 mA, 
and this was attained at 30 V, while the same filament at 2,400? K 
gave a saturation current of 110 mA at 115 V. А difference of 
200° in temperature between the middle and ends of a filament 
in a triode is not at all unlikely, and therefore in such an instru- 
ment the ends yield their maximum current at a lumped voltage 
of 30 V and cannot contribute more though the voltage be raised. 
Up till that voltage every point of the filament would obey the 
| three-halves power law, but 
| after that the ends yield 
ЕККЕН zma- 5 15 ША while the centre por- 
| ' tions continue to obey the 
law. But as the lumped 
voltage is raised further and . 
| further more and níore of the 
SERO ]-, filament attains saturation 
and ceases to contribute 
, further increases of current. 
Evidently the law which the 
total current obeys will 
depend greatly upon the law according to which the temperature 
is distributed along the filament, and it is clear that the 
filament as a whole will not give its final saturation current till the 
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voltage is raised to the saturation value corresponding to the 
temperature of the hottest part of the filament. All this is 
represented graphically in Fig. 16. In this figure FF’ represents 
the length of the filament, and the ordinates of the curve BCB’ 
represent values of the saturation current per unit length at the 
corresponding points of the filament. 

Since it has been shown that the fall of potential along the 
filament is not fundamentally concerned in the present problem 
we shall suppose the filament is at uniform potential throughout 
its length and shall therefore represent any lumped voltage 
between it and the other electrodes by a straight line parallel to 
FF’, Such lines are drawn and marked 1, 2, 3, 4 in the figure ; 
they are placed at heights that represent to scale the electron 
current per unit length corresponding to the voltage, that 
is, their heights are proportional to the three-halves power of the 
lumped voltage. At the position marked І the voltage is such that 
even the ends of the filament are not giving their saturation current, 
which is equal to FB; and every portion of the filament is yielding 
current at equal rates per unit length and according to the three- 
halves power law. At the position 2 we have a state of affairs 
in which large portions near the ends of the filament are giving 
their various saturation currents while the middle portion still 
follows the three-halves power law in responding to rise of voltage. 
At the position 3 almost every part of the filament is giving its 
saturation current, and at position 4 the current has ceased to 
respond to changes of the lumped voltage. At any stage the whole 
current 7, is equal to the area under the line and within the curve. 

Let | be the length of the filament, y the length of the centre 
unsaturated portion in any general position of a line such as that 
numbered 2, 4, the electron current being taken per unit length 
of the unsaturated portion, e; the lumped voltage throughout the 
length of the triode, 1, the total current from anode to cathode. 
Since the filament is all at one potential we are free from anxiety 
about the zero of the lumped jvoltage and write, therefore, 


Ve — А ер. 
Imagine that the voltage undergoes the increment de; ; the line 
in the diagram will rise and add to the area underneath it an 
amount equal to the length of the unsaturated portion multiplied 


by the increase in the electron current throughout that portion. 
The total current increases by the amount dta and we һауе 
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dà, = yd^. 
By aid of the preceding equation we obtain 
Фа _ 94, 
"EE А уер. 
This differential equation is the expression of the law connecting 
le ер and y. 

In position 1, y is |, and we can then integrate the equation and 

obtain 
a mes LA'ej.. 

In position 2 the length of y varies as the line rises and, there- 
fore, the equation cannot be integrated till the law of variation is 
given for the particular filament in use. In position 3 the equation 
is about to be put out of action by the fact, not expressed in it, 
that the temperature has a limit. In position 4 the equation 
is completely out of action; obviously the area of the whole 
curve FBCB'F' represents the total saturation current of the 
tube. 

The determination of y, which implies the determination of the 
temperature at every point of the filament, if it had to be done 
from the fundamental physical laws of the conduction and radiation 
of heat, would demand a complete knowledge of the dimensions 
and properties of the filament substance and of the reflecting 
powers of its surroundings ; consequently we leave the connection 
between 4, e; and y in the form of a differential equation. But 
it is interesting to reverse the process and to inquire how the 
electron current per unit length (and inferentially the temperature) 
would have to vary from point to point of the filament in order 
to give a specific shape to the characteristic. The designer is 
able to control the temperature distribution by, for example, 
using a filament of variable section and by altering the configura- 
tion of the reflecting surfaces. Therefore let us inquire into the 
variation of electron current needed to make a large portion of 
the characteristic curve a straight line. Let the equation of this 
straight part be | 

la = h + h.e; 
where h, and h, are constants on this occasion. 


Then ал =_= 
teh, 
and therefore ha = £A'ye? 
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gives the connection between y and е; along the straight portion. 
In terms of the electron current per unit length this becomes 

ha = BA'Y iu А") = ZA ура. 
By aid of this equation the curve of Fig. 17 is constructed to 
exhibit the highest 
electron current 
possible at each 
point of the fila- 
ment. The parallel 
straight line boun- 
daries marked F B, 
Е В are drawn a 
distance l apart 

Fic. 17. where the length | 

is the active part of 

the filament. The upper boundary line parallel to the base has 
yet to be determined. To do this we may return to the differen- 
tial equation 


di, = уд, 
and eliminate 4, by aid of the last equation. First put this in the 
form bu = cy? 


for brevity, and notice that if Фа represent the total current 
across the vacuum at the instant when the ends of the filament 
reach saturation values, then at that instant 


за = cl-3 
in accordance with the above equation. Thus 
Val? = с. | 
Now write ди = усу 3) 
= — ӛсу Зду. 
On integrating we get 
= ; at constant. 


-+ constant. 


5 
1 E 


Hence TE NN. 
ta — ta = 96 та 


Upon eliminating с by aid of the previously found relation we have 


134 THE RADIO REVIEW Vor. 1. 


&. 12 3(B_ 1), 


Um 2 Ny? 
or y? = За 
Рода а 


This equation gives the fraction of ‘the length of filament still 
unsaturated when the total current is known by measurement. 
For example, if 4, = 99, at the extreme end of the straight portion 
of the characteristic, that is to say, if in a certain tube the length 
of the straight portion of the characteristic is such that the current 
at the upper end is nine times that at the lower end, we have 


а: TN 
2 1841 
Or y = 0°3971. 


In words, the central four-tenths of the filament is at a prac- 
tically uniform temperature which is higher than that of the 
portions of filament on each side of it. 


The writer takes this opportunity of thanking Mr. H. Davies for 
making the measurements involved in this paper and in the drawing 
of the characteristics of Figs. 11 and 12. 


The British Association Meeting 
at Bournemouth. 


The Three-Electrode Thermionic Valve as 
Alternating Current Generator. 
By Professor C. L. FORTESCUE. 
(Continued from page 88.) 
3. THEORY OF THE COMBINATION OF VALVE AND CAPACITY- 
INDUCTANCE CIRCUIT. 


In designing the valve and circuit two things have to be kept in mind. 
In the first place the conditions must always be such that any incipient 
oscillation in the capacity-inductance circuit will cause sufficient power to 
be supplied from the valve for the oscillation to be built up from the indefi- 
nitely small initial values to relatively large amplitude. In the second place 
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the circuit arrangements should be such that the maximum power is taken 
from the tube, so setting up oscillations of the greatest possible amplitude, 
in which connection it may be remarked that with bad proportioning of the 
circuit and the valve, the current generated may reach a stable maximum 
value long before the possible maximum power output from the tube is 
attained. Bad design of this kind is obviously wasteful, as it leads to the 

use of unnecessarily large and expensive valves. o 
Referring to the simple circuit arrangement of Fig. 3, it will be seen that 
in the course of one cycle of the oscillating current in the capacity-inductance 
circuit, the effective voltage both between the grid and the filament and 
between the positive electrode 


P x Q x p and the filament are varying. 
ко amm тегез руе In Fig. 6 the variation of these 
да UN жасаралық Р. two voltages is plotted for one 
ы / | | cycle in the correct relative 
4 | - phases to the current in the in- 


0-0 — ; 
TIME | --- N 1 f ductance, the positive direction 
го 


- of the current in the inductance 
ИИК N | being from the point а to the 
i 


a i i | point O, and on to the point b 
2500 | | | | (Fig. 3). With regard to the 
VOLTS | ISTEADY SUPPLY tube, the positive direction for 
2000 — =+ М 4 the voltages at both the positive 

, 1. IE ЕСТКООЙ electrode and the grid 1s when 
1500 | | | the filament is negative. In order 


to determine the nature of the 
| | current in the part Ob of the 
кекіре | | inductance L it is necessary to 
VOLTAGE AT 1 refer to the characteristics of 
| the valves. These may be 


d | plotted as in Fig. 2, but are 
DEL d 
ад .. / MEAN GRID preferably drawn out, as in 

Iw | VOLTAGE) Fig. 7, a method adopted in 
-100 UN і H.M.S. Vernon in 1915. In this 


| | І ‘ figure the voltage at the grid 

Fit is plotted horizontally, the 

voltage at the positive electrode 

vertically, and the current at the positive electrode is drawn in as a series of 
contours of constant current. 

The first point of the cycle of Fig. 6 is a point where the voltage at the grid 
is a maximum and that at the positive electrode a minimum. This will 
correspond to a point P in Fig. 7. After one quarter of a cycle has been 
passed through the voltage at both the grid and the positive electrode will 
be at the normal values as maintained by the batteries. — This state corre- 
sponds to the point X of Fig. 7 (which also correspond? to the point X of 
Fig.2). After one-half cycle has been passed through, the point Q of Fig. 7 
wil have been reached. After three-quarters of a cycle, a return is made 
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GRID VOLTAGE 
Fic. 7. 


to the point X, and back again to the point P on completion of the whole 
cycle. Since the alternating components of the voltages in Fig. 6 differ in 
phase by 180°, the points P, X and Q of Fig. 7 will lie on a straight line, 
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which has been called the 
“ Oscillation Line." The way 
in which this line cuts the con- 
tours in Fig. 7 shows the varia- 
tion of the current in the part 
Ob of the inductance Г. This 
variation has been plotted in 
Fig. 8 in its correct phase rela- 
tion to the current in the 
inductance. It will be seen 
from an inspection of the 
second curves of Figs. 6 and 8 
that the alternating component 
of the current flowing in at O 
and out at b (Fig. 3) is opposite 
in phase to the alternating com- 
ponent of the voltage between 
these two points. The conditions 
chosen for the diagrams repre- 
sent, therefore, a supply of 
alternating power to the induc- 


tance. Had the oscillation line been drawn as in Fig. 9, the phase of the 
current would have been reversed, and power would have been abstracted 
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from the circuit. One condition necessary for the building up of a small 
incipient oscillation is, therefore, that the oscillation line should lie as in 
Fig. 7, and not as in Fig. 9. Another condition is that the alternating 
power supplied to the circuit should exceed the sum of the power expended 
in the circuit and the power abstracted from the circuit (by any means 
whatever) The power expended in the circuitis due to the main oscillating 


ою +100 
GRID VOLTAGE 


Ес. 9. œ 


current in the inductance and the condenser, and to the exciting valve 
current in the part Ob of the inductance. With the simple circuit the 
power abstracted is only that required to vary the voltage of the grid, 
observing that the grid current is usually in phase with the alternating 
voltage across the part aO of the inductance. 

As a very good first approximation, which is good enough for most designing 
purposes, the following assumptions may be made :— 


(2) The power expenditure arising from the passage of the exciting 
current from the valve through the part Ob of the inductance may 
be neglected in comparison with the whole loss due to the main 
oscillating current. 

(P The power abstracted from the circuit to operate the grid may be 
neglected in comparison with the loss due to the main oscillating 
current. 

(2 The resistance component of the voltage across each part of the. 
inductance may be neglected in comparison with the reactance 
component; 7.е., the relative phases of the voltage and current may 
be taken as differing negligibly from go° 

(Z) The amplitude of the incipient oscillation may be assumed to be so 


M 
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small that the characteristic curves may be taken as straight lines 
over the whole range under consideration. 

(е) The alternating component of the current to the positive electrode 
may be assumed small compared with the main oscillating current, 
and to cause only slight changes in the alternating voltages applied 
to the grid and positive electrode. 


With these assumptions the conditions necessary for the maintenance 
of oscillations can be calculated easily. Let 62 be the R.M.S. value of the 
incipient alternating current in the inductance. The corresponding R.M.S. 
voltage, ӨР, across the whole inductance is 


òV = Го.д1 ......... (1 


where w = 27 times the frequency. 

Let the voltage across the part aO of the inductance be some fraction of 
ӘР, viz., а òV, and that across the part Ob some other fraction, viz., DdV ; 
the only limitations to а and b being 


GO PL 6h oux o dox X) 


Let k, be the rate of increase of the current at the positive electrode with 
respect to the increase of the grid voltage, and k, the rate of increase with 
respect to the voltage at the positive electrode. The alternating component 
of the valve current through the part Ob of the inductanee is then 


kya. oy nd kab. òV 
If èW denotes the mean power supplied to the circuit, then 
ò W = b. òY (ka. 6V — kab. ÒV) 
= (Баб — Ко 02) ФУ... . www (8) 
With the foregoing assumptions, the power expenditure in the circuit is 
ÒLR, R being the effective resistance of the oscillatory circuit. 
The conditions necessary for a small oscillation to build up to a large one 
are therefore 
(hab — k 02) ÈV? > SPR . . . . . . . . (4) 
But òl = 9V/Lo, and so the condition becomes 
kab — Е, > Вю? . . . . .. (5) 
And putting w? = 1/LC, which is nearly true, the condition reduces to 
kab—k, bẹ? > RCL... . . . . . (6 
or Тай > RC + Lb ka . . . . . (ба) 


With power valves the term Lb?k is sometimes much greater than the 
term RC, and when this is the case the approximate conditions for the 
maintenance of oscillations become a/b > k,/k,, which is simply ап expres- 
sion of the requirement that the oscillation line must lie as shown in Fig. 7 
and not as in Fig. 9. 

Equation (3) is also of interest in that it gives a value for the *' negative 
resistance " of the valve. Putting ôV = Lo ôI, the power supplied to the 
circuit is 
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SW = (k,ab — ka b?) L*o? 612 
„РИ sab — 145 oF? 
from which it follows that the negative resistance is 
L 
(R —) = с (kab — ka 65). boak wo АБА. и е Т) 


Тһе required condition for the maintenance of oscillations is that this 
negative resistance shall exceed the actual resistance, R, 2.¢., that 


A (ab — kpb?) > R 22... s (6b) 


which is identical with equation (6). 

Assuming that the necessary conditions are complied with, any small 
oscillation that may be started by the closing of a switch or by any other 
means, will gradually increase in amplitude. The corresponding oscillation 
line will lengthen proportionally and in course of time will extend into 
regions where the values of k, and k, are no longer constant throughout the 
whole of the cycle and the alternating component of the current from the 


valve will be no longer a sine wave. The effect will be particularly marked 
when the oscillatory current 


Қо reaches such a value that the 
voltage at the positive electrode 


0-3 : 4 
a ay is reduced almost, or quite, to 

0-2 zero at the beginning of the cycle. 
| \ / In consequence of this irregu- 

0-1 | larity the power supplied to the 
5:5 ON / — circuit from the valve will in- 
ape | crease less rapidly than the 
i PR square of the current in the main 
AN в a oscillatory circuit. Stable con- 
0-2 ditions where the power supply 
ПОА is equal to Ше power expenditure 

x will thus be reached quickly and 
0-0 NEN MN, TIME no further increase of the current 


AMPS will take place unless the resist- 
ance of the circuit is reduced. 


0-3 ат. а. 
AAA EN In Fig. 10 three cases have 
0-2 С been taken. The circuit for 
fo No [py . which the curves are plotted 
my | consists of an inductance of 
оо ] \ 4 Nw TIME 3,050 micro-henries and а capa- 
city of 3,000 cm., so giving a 
Fic. то. wave length of about 6,000 
metres. The connections to the 
valve are such that b = 026, а = 0:04, and the valve characteristics 


assumed are the same as those of Fig. 7. The curve A has been drawn for a 
м 2 
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current of 3-7 amperes, which will reduce the voltage at the positive electrode 
to 700 volts at the beginning of the cycle. The power supplied to the circuit 
will be about 116 watts and the current would be stable at this value if the 
resistance of the circuit was 11-8 ohms. In curve B a larger oscillatory current 
of 4:85 amperes is assumed, which would reduce the voltage at the positive 
electrode to 300 volts. A very marked kink is then appearing in the top 
- of the wave of exciting current. The power supplied to the circuit will be 
about 137 watts and the current would be stable at this value if the resistance 
of the circuit was 5'8 ohms In curve C the oscillatory current has been 
taken as 5-7 amperes, which will just reduce the voltage at the postive elec- 
trode to zero. Compared with the curve B the irregularity of the wave 
will be much greater, and the power supplied to the circuit will be reduced 
both actually and relatively, with the result that this current could only be 
maintained if the resistance was reduced to about three ohms. These curves 
show quite clearly why it is that with a valve generator the current increases 
but little when the resistance of the circuit is reduced, unless some alteration 
is made to the adjustments. They also illustrate a self-protecting property 
of the valve. If the load is taken off there is a small increase in the current, 
accompanied by a reduction of the mean power taken from the supply. In 
curve A the mean current at the positive electrode is about 0:17 ampere, 
but in curve C it is only 0:12 ampere. 

For the particular conditions in which the mid-point of the cycle of 
maximum amplitude is at the mid-point of the characteristics, the R.M.S. 


Le 
22’ 
electron current; and the R.M.S. value of the voltage across the part Ob 


of the inductance is ВИТ V, being the steady voltage applied to the positive 


ма 
electrode. 
The maximum power that can be obtained from the tube is then 


L Vo 1 


value of the exciting current from the valve is I, being the saturation 


If I and V are the R.M.S. values of the alternating current and voltage 
in the oscillatory circuit, the stable maximum conditions are then approxi- 


mately ГВ = ЧАД 
But J = A and if the oscillation line just stops at the horizontal axis, 
V 
by = -9. 
м2 
V, RC 
Hence iat 7, T x M (8) 


This equation gives the suitable value for b, and the corresponding value 
of a for the maintenance of the oscillations follows from equation (6). 


Dec., 1919. THE RADIO REVIEW IAI 


The average current taken from the supply is 1 1, at the steady voltage Vp. 
Hence the efficiency of the valve, neglecting the power supply to the filament, 
is 50 per cent. 

This, however, is by no means the highest possible efficiency. Any 
arrangement of the valve and circuit that leads to an irregular wave of 
current giving a considerable power to the circuit, but having at the same 
time a lower arithmetic mean will give a much higher efficiency than 50 
per cent. If a steady negative voltage is applied to the grid so that the 
midpoint of the cycle is towards the bottom of the characteristics, efficiencies 
up to as high as 75 per cent. can be obtained. A battery may be used for 
this purpose, but the circuit shown in Fig. § is preferable. Here the small 
rectified current from the grid passes through the resistance Rj, and so 
automatically maintains the grid at a negative voltage depending upon the 
amplitude of the oscillations. 

This theory of the action of the circuits is applicable to any form of circuit. 
If, for example, a mutual coupling to the grid is used, the grid voltage can 
still be expressed as a fraction of the voltage across the main inductance. 


If M is the mutual inductance, a = = and the condition for the building up 


of the oscillations is 


Mbk, > RO + Lbka. ........ (9 


4. À SHORT DESCRIPTION OF CERTAIN VALVE TRANSMITTING 
SETS USED FOR М/Т тн THE NAVAL SERVICE. 


Most of the valve transmitting sets in the Naval Service have been designed 
to work, as far as possible, from the power supply of existing spark telegraphy 
sets. This power supply is in the form of a high-voltage single-phase alter- 
nating current of frequency from about 100 cycles per second upwards. 
To use this supply it is, there- 
fore, necessary to fit rectifiers 
which will convert the alter- 
nating supply into a direct 
current supply. The rectifiers 
used are two-electrode valves, 
differing from the three-elec- 
trode valves only in that the 
grid electrode is omitted. 
Fig. 11 shows a simple method 
of connecting up a two-elec- 
trode valve for this purpose. 
During the half cycles, when 

Fic, п. the positive electrode P is 

positive to the filament, 

negative electrons are drawn from the filament. During the other half 
cycles no reverse current can pass. Consequently there is a deficit of 


2) 
000000 
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negative electrons on the plates of the condenser connected to the filament of 
the valve. The terminals of the condenser C can then be used as a direct 
current supply. By increasing sufficiently the capacity of the condenser the 
uniformity of the D.C. supply can be increased to any desired extent. The 
numerical relationships of rectifiers of this type have been given recently by 
the author.* 

Àn improvement on the simple circuit of Fig. 11, involving the use of two 
valves, has generally 
been used. Fig. 12 
shows such a typical 
circuit arrangement. 
With this system one 
valve is operative dur- 
ing each half cycle, 
and for a given uni- 
formity of the direct 
current supply, the 
capacity required in 
the condenser C is 
much less. The facts 
that the midpoints of 
the secondary wind- 

% 2 ings of the spark set 

ios 08; transformers were 

already connected to 

earth, and that the whole secondary voltage was usually in excess of that 

required for the valves, were additional reasons for the adoption of the two- 
valve system. 

For the oscillating circuit two systems have been used: one in which the 
aerial has constituted the capacity in the circuit, and the other an arrange- 
ment of coupled circuits, in which the aerial circuit is separately tuned and 
is loosely coupled to an oscillating circuit connected to the valve. 

When using the aerial as the capacity, the circuit arrangement is as shown 
in Fig. 5, with the addition of the necessary switch for the control of the 
oscillations in accordance with the Morse signals to be sent. This switch 
has to perform two functions, viz. to break the primary supply to the 
transformer, and to throw the earth connection of the aerial coil over to the 
receiving instruments. Magnetically operated switches have generally been 
used for this purpose, which are controlled by the operator in the receiving 
compartment by a single Morse key of the ordinary type. ми 

Figs. 13 and 14 are photographs showing the general arrangement of one 
of the valve transmitting sets used in the Naval Service. 

In the centre of Fig. 13 are the two rectifying valves with the controlling 
rheostat and instruments on the left, the whole unit being mounted on 
porcelain insulators. The alternating supply comes in on the extreme left ; 


* Paper read before the Physical Society of London, June 27th, 1919. (See Ravio Review, 
Abstract No. 12.) 
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below the rectifier unit are the four condensers used for smoothing out the 
current from the rectifiers. The single oscillating valve is placed to the 
right of the rectifiers and appears on the extreme right of Fig. 13. Fig. 14 
shows the additional apparatus required to couple the valve to the existing 
aerial circuit, together with a further view of the oscillating valve on the left. 
In the centre of Fig. 14 is the grid coupling coil. One part of this is con- 
nected in series between the aerial tuning inductance and earth. The upper 
part is connected to the grid, and in this set a variable condenser is used in 
parallel with this inductance in order to tune the grid circuit. The cylin- 
drical object at the back of this condenser is the resistance Rg of Fig. 5. 
The small magnetic switch in the front of Fig. 14 is the switch changing over 
the aerial connections from the earth connection to the receiving instruments 
in the interval between the Morse signals. 

Fig. 15 shows the complete set of additional apparatus required for use 
with a much more powerful installation. 

The complete rectifier unit is on the right, with the smoothing condensers 
below. 

Three oscillating valves are used in parallel, the three filament regulators 
being situated immediately beneath them. | 

The grid coupling coil and grid circuit tuning condenser аге in the centre 
on the left, and the Rg resistance is in the left-hand top corner. At the 
bottom, on the left, is the alternator field regulator, and between it and the 
smoothing condensers are two transformers supplying the filament current 
for the valves. 

In conclusion, the author would like to add a word of thanks to the staff 
of the W/T Department of H.M. Signal School, Portsmouth, for the assistance 
given in the preparation of this paper. 


A Trigger Relay Utilising Three-Electrode 


Thermionic Vacuum Tubes. 
Ву W. H. ECCLES, D.Sc, and Е. W. JORDAN, B.Sc. 


Paper read before Section G (Engineering) of the British 
Association. 


In a well-known method of using a triode for the amplification 
of wireless signals an inductive coil is placed in the filament-to- 
anode circuit, and another coil magnetically coupled with this is 
introduced into the filament-to-grid circuit. This “ back- 
coupling,” as it is sometimes conveniently called, if it is arranged 
in the right sense, greatly exalts the magnification produced by 
the tube in any alternating E.M.F. applied to the grid; for the 
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induced E.M.F. passed back to the grid is in correct phase relation 
to add directly to the original alternating E.M.F. applied there. 
If, instead of using inductive retroaction of this kind, we attempt 
to use resistance back-coupling, then the retroactive E.M.F. 
applied to the grid is exactly opposite in phase to the original 
alternating E.M.F., and the amplifying action of the triode is 
reduced. Since, however, one triode can produce opposition in 
phase in the manner indicated, it is clear that two or any even 
number of similar triode-circuits arranged in cascade can produce 
agreement in phase. Hence we conclude that retroactive 
amplification can be obtained by effecting a back-coupling to the 
first grid from the second, fourth, and so on, anode circuit of a 
set of triodes arranged in an ohmically-coupled cascade. 

It is possible to take advantage of the fact above stated for 
obtaining various types of continuously-acting relay, but the 
purpose of the present communication is to describe what may be 
called a one-stroke relay which, when operated by a small triggering 
electrical impulse, undergoes great changes in regard to its 
electrical equilibrium, and then remains in the new condition until 
re-set. 

In what follows, the circuit comprising the space in the tube 
between anode and filament, the external conductors and the 
source of E.M.F., will be called the anode circuit, and the current 
flowing in it the anode current. The circuit comprising the space 
in the tube between the grid and the filament, external conductors 
and a source of E.M.F., will be called the grid circuit, and the 
current flowing in it the grid current. 

The operation of the relay is most easily explained when two 
tubes, each with resistances and battery in its plate circuit, and 
with a resistance and battery in its grid circuit, are used and 
interconnected in the manner shown in Fig. 1. 

The electrical stimulus from outside which it is desired to 
detect and magnify is applied in the grid circuit in the first tube 
so as to make the grid transiently more positive in potential 
relative to the filament. This causes an increase of current in 
the plate circuit of the first tube, and consequently an increase 
of the P.D. between the terminals of the plate circuit resistance. 
This increased P.D. is transferred to the grid circuit of the second 
tube in such a manner that the grid becomes more negative than 
before relative to its filament. Consequently the plate current 
of the second tube decreases, and the P.D. between the terminals 
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of its plate circuit resistance decreases also. This decrease of 
P.D. is now transferred to the grid circuit of the first tube in such 
a manner that it tends to make the grid more positive relative 
to the filament. The result of these processes is that a positive 
stimulus from outside given to the grid of the first tube initiates 
a chain of changes which results finally in the plate current of the 
first tube attaining the highest value possible under the E.M.F. 
of its battery, and the plate current of the second tube falling to 
its lowest possible value. This condition, therefore, persists after 
the disappearance of the initial stimulus. In the initial condition, 
with the two-tube arrangement just described, the plate current 
of the first tube is made very small, and that of the second tube 
large; after the reception of the outside stimulus on the grid of 
the first tube the final condition is a large plate current in the first 
tube and a small plate current in the second tube. Either the 
decreases or the increases of plate current can be used for indi- 
cating. In order to restore the initial conditions it is easy to 
interrupt for an instant the linkage between the tubes, or to stop 
the operation of one or both of the tubes, as, for instance, bv 
dimming its filament. 


Fic. І. Fic. 2. 


The external stimulus is led into the primary P of transformer 
PS, of which the secondary is connected to grid G,. The plate 
circuit of this first tube contains the indicating instrument J, such 
as an ammeter or a moving tongue relay. The resistance ту in the 
plate circuit of the first tube has its terminals connected to the 
filament and grid of the second tube. Similarly, the resistance 
r, in the plate circuit of the second tube has its terminals connected 
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to the filament and the grid of the first tube. The plate circuits 
contain batteries Ва, Ea and the grid circuits batteries ej, е. The 
folowing values are typical, and show the performance of the 
relay :— 


I,—'8 volts. Е,--74 volts. 
7,—292,000 ohms. 7а-<12,000 ohms. 
е1==81 volts. ео--17:5 volts. 


The change in the indication of an ammeter at I is from 0 — 2:5 
micro-amperes. 

The sensitiveness of the arrangement depends on the transformer 
PS to some extent. Using a telephone transformer of the kind 
made for Army C Mk. III. Amplifier with 20 ohms resistance 
in the primary, and with the primary connected to a Brown 
telephone of 60 ohms resistance, the relay is operated with 
certainty by snapping the thumb and finger at a distance of five 
feet from the telephone. 

Fig. 2 shows another mode of inter-connection of two tubes. 
The stimulus from outside is introduced to the grid of the first 
tube through a transformer, as before, and the indicating instru- 
ment is again placed in the plate circuit of the first tube. The 
two plate circuits are in parallel with a common battery E, and the 
connections are such that the changes of P.D. between the anode 
and the filament of the first tube are imposed between the filament 
and grid of the second tube, and the changes of P.D. between the 
anode and filament of the second tube are imposed between the 
filament and grid of the first. In order to help to maintain the 
grids’ advantageous potentials, grid leak resistances are connected 
as indicated. 

The following numerical values are typical dimensions :— 

Е--80 volts 
T1—74— 100,000 ohms. 
64—€4— 40 volts. 

The sensitiveness of this relay could be made greater than that 
of Fig. 1, when these large resistances are used. 

The devices just described were the subject of a patent, 
numbered 10290/1918, taken out by the Admiralty, and the 
description is now published by permission. 
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Review of Radio Literature 
1. Abstracts of Articles. 


72. A Comparison oF Corts AND AERIALS FOR RECEPTION. 
M. Abraham. (Jabrbucb der Drahtlosen Telegraphie, 14, 
рр. 259—269, August, 1919.) 

The author investigates (1) the amount of energy which the coil or aerial 
can abstract from the electromagnetic wave, and (2) their relative suscepti- 
bility to atmospheric disturbance. 

(1) It is known that the maximum amount of energy which an aerial 
can abstract from an undamped wave is independent of the constants of the 
aerial, 1.0. it is the same for any aerial To obtain this maximum it is 
necessary to adjust the ohmic resistance (aerial, detector, earth) to equality 
with the radiation resistance. The author shows that a coil or frame acts 
just like any other form of aerial and can abstract just as much energy if 
the ohmic resistance is correctly adjusted to the radiation resistance. 
404A? 
à 9c ^ 
А = area X turns, and с = 3 x 1010 whereas the radiation resistance 


қ „1. 4о%)2, : 
Е, of an aerial is 3c where fis the height. These values allow for the 


The radiation resistance R, of a vertical coil is where w = 2л/, 


effect of the earth. Hence 


This is usually a very small fraction; hence the total ohmic resistance 
should be made much smaller with the coil than with the aerial, and, of 
course, the resistance of the circuit apart from the detector should be made 
as small as possible. The author states that there is little prospect of the 
coil being made equivalent to the aerial in this respect. 

(2) If an atmospheric disturbance produces a damped aperiodic electro- 
magnetic field which can be represented at the receiving station by the 
formula 


E = cH = ae. 
the equation for the coil is 
d^ di o Aa? a 
dà + 2p dt -+ 04 = L " 3 
and that for the aerial 
а 0,4% ТЕ h Ше: 
dp 4 9 = р. € 


"Ihe solution for the coil is 
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г = В (ең -- в” (cos mt + p an mit) 
m 
where 
с,” m*--(r—py. 
~ If the disturbance is much more damped than the receiver, (г >> p), 
the first term may be neglected. If, moreover, p << c, m= w, and 


m= Мо? p? and B= 


A r? 
B == ас: е ----<--,. 
ch oy 
and the energy supplied to the detector of resistance В, is 
00 
. Р. а?А? r4 
= R, | pdt ФА 07 0 
9 4 | " a 4p СІЗ” о? (о? + 13) 


Similarly, for the aerial, 
, Ва k r? 
е = Ар” 12“ 0 (о? + r5 | 

The author adopts as a measure of the freedom from disturbance, the ratio 4 
of the energy supplied to the detector in a given time Т, by an undamped 
wave to which it is tuned, to that supplied by an aperiodic disturbance. 

For the coil 

Т o*(o? + 7?) 
= 2p : m 
and for the aerial 
, T  o*(o? + т?) 
T 9 р! 5 т j 
These formulæ assume that the initial amplitude of the disturbing field is 
equal to the amplitude of the undamped field. 
qp. o 
gop nr 

Hence the freedom from disturbance in either case is inversely proportional- 
to the damping constant (р = В/21)) of the coil or aerial. Usually p< р 
and the aerial should therefore be superior to the coil in this respect. The 
coil is superior to the aerial if r is small compared with о), that is if the 
aperiodic disturbance dies away slowly. This is generally the case. 

[No reference is made to the directive action of the coil in excluding 
disturbances originating in directions normal to its plane.] 


73. CALCULATION OF SELF-INDUCTANCE OF RECTANGULAR Corrs. 
A. Esau. (Jahrbuch der Drabtlosen Telegraphie, 14, pp. 271 
—281, August, 1919.) 

The present paper deals only with box-type coils, plane coils are reserved 
for a subsequent paper. Neumann’s formula is used to calculate the mutual 
inductance between two parallel rectangles; the logarithmic terms are 
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expanded and all terms beyond the squares neglected. The formula is then 
integrated over the whole n turns. This is an application of Strasser's 
method to rectangular coils. 

The formula obtained for rectangular coils is very cumbersome and 
involves constants which must be obtained from Strasser's paper or from 
Rosa and Grover's paper in the Bulletin of tbe Bureau of Standards. 

For square coils the formula is simplified and written L = 8 an (S, + S,), 
where а is the side of the square, n the number of turns, S, a function of 
ајр only, where p is the radius of the wire, and S, a function of а/9 and of n, 
where g is the pitch of the turns. Tables and curves are given of these 
functions. 

For maximum inductance with a given length of wire, the length I of the 
coil should be between 0:44 and o-45a. 

For a given length of wire, the square coil has a greater inductance than 
a rectangle with unequal sides, but a round coil has 1-17 times the inductance 
of the square. Confirmatory experimental results are given.* 


74. On THE Mutti-Srection Опекнснко Gap. М. Schuleikin and 
I. Freiman. (Proceedings Institute Radio Engineers, 7, 
рр- 417—425, August, 1919.) 

The authors consider mathematically the relation between the breakdown 
voltage of a series of quenched gap | 
section of the flat plate or “ Tele- 49 
funken ” type, and that of a single 
section. Because of electric flux ss 
leakage from each plate to near-by 
plates and neighbouring conductors, 
the relation of direct proportionality 
does not hold. The breakdown 
voltage of a number of gaps of given 75 
length cannot be made to' exceed a | 
limiting value. Fig. 1 shows the го Въ 
results obtained plotted against the 
number of gaps in series for various 
“leakage” factors k. The factor 

=c/C, where C = the capacity 
between adjacent gap plates, and :e 
c — the capacity of a plate to earth 
and to other neighbouring conduc- 


Ж 
tors, other than the next plate. | 
The curve applies when one end of Ре 


the series of gaps is earthed. If the о S 10 
mid-point of the transformer sup- 
plying the gaps is earthed, the 
maximum limiting voltages are double those given by the curves. 


Vinax, 


ection gap 


Fic. 1. 


x See Rapiro REVIEW, I, pp. 124-126, where this paper is commented upon in the 
Editorial Article. 
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75. SIMULTANEOUS SENDING AND Recervine. Е. Е. W. Alexan- 


derson. (Proceedings Institute Radio Engineers, 7, pp. 363— 

390, August, I919.) 
Solutions for two distinct but similar problems are discussed in this paper, 
(г) the ** Bridge ” receiver, to provide a means for neutralising the over- 
whelming intensity of the transmitted signal so as to make the receiving 


Fic. 2. 


set sensitive to the distant signal; and (2) the “ Barrage" receiver, to 
enable reception of a distant 


^i Ar faint signal to be made, through 
Transmitting Receiving heavy interference, not from 

Aerial Aerial ° : 
the adjacent transmitter of the 


same station, but from other 

a Руелна Difference Stations which are intentionally 

OL, between Aerials ОГ accidentally jamming the 
receiver. 

As an introduction to the 

Bridge receiver various other 


(ә)6 
Receiving = arrangements are considered 
Receiver 


Exposure C 


Count . . 
52. с; Lic for Duplex radiotelephony, 2.ғ., 
^ eX. for radiotelephony in both 
directions without the necessity 
Bind Daas 
P9 RO = of repeatedly changing over 
= Aerial artt Earth, the instruments from speaking 
Fic. 3 to receiving during a conversa- 


tion. In the first arrangement 
described, separate transmitting and receiving stations are employed, 
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working on different wave lengths. The land line instrument is connected 
directly to the control amplifiers of the sending station ; while the leads from 
the receiving station amplifiers are coupled (inductively) in series with this 
connection. Speech coming over the land line thus controls the transmitter ; 
while incoming speech from the receiving station also operates the same 
control as well as the subscriber’s land line telephone. Both halves of the 
conversation are thus repeated by both transmitters. 


Horizontal. Antenna 
Length • 4 


Horizontal Antenna 


Lengrh * ^s 


nf 


Жайы 


y 
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Àn analogous arrangement of two aerials at one station, with a system of 
inductive neutralisation of,the interference between them, can also be used. 

In the Bridge receiver proper an arrangement of capacitive neutralisation 
is adopted to eliminate the influence of the local transmitter upon the receiving 
instruments (Fig. 2). 
A, is the transmitting 
aerial; A, the receiv- 
ing aerial, and G the 
source of oscillations. 
The coupling between 
the two aerials is 
effected through the 
* exposure?  conden- 


sers C С,. Theinduc- 


tance in the receiving Шы 
aerial circuitisscreened ше Э - 
electrostatically by the 


earthed sheath S, and 

is coupled through the 

untuned intermediate 
circuit L4L, to ап B 
ordinary type of re- 

ceiver L,C,V. Тһе coupling coil L} is external to the earthed screen S. 
The “phase rotator” P, coupled to the transmitting aerial is used to 


- 
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balance out the direct interference occurring inside the station. Fig. 3 
indicates the “ bridge ” nature of this arrangement. 

The Barrage receiver is fundamentally a uni-directional receiver. Leading 
features of the design :— 


— (1) The antenne should be aperiodic ; 
(2) the balancing should be effected between the E.M.F.’s in the aperiodic 
aerials, 7.е., the phase shifting device should be aperiodic ; 
(3) The two or more antennz should be of the same character. 


The barrage receiver takes advantage of the geographic phase displacement 
in the wave as it travels over the surface of the earth. One arrangement is 
indicated in Fig. 4. 


Bridge Receiver. Detector Balance 


Method. 

Local transmitter antenna Р 

current . ; . i 7:0 amps. 18:5 amps. 
Local transmitter trans- 

former input . я ; 0:8 kw. 5 kw. 
Distant transmitter antenna 

current . ; 5 IO amps. 4 amps. 
Primary receiver current at 

balance . ; ; І 150 milliamps. 0:78 amps. 
Primary receiver potential . | Approx. 10,000 volts | Approx. 1,000 volts. 
Residual noise in phones . Great Small. 
Quality of received signal . | Barely readable Very good. 


through interference. 


In the discussion on the paper W. H. PrrEss summarised the researches оп 
similar lines carried out by the U.S. Navy 
Department during the war. Of these the most 
successful is the Detector Balance arrangement 
indicated in Fig. 5. The above table gives 
typical test results comparing this Detector 
Balance with the Bridge receiver. 

The arrangement of Fig. 6 was stated to be 
a good means of balancing out atmospherics 
since the ratio of signal to 
static is different in the pure 
loop circuit to what it is in the 
circuit using the loop as an 
ordinary elevated aerial struc- 
ture. Circuit B couples the * 
loop circuit to the detector 
circuit F, and circuit C couples 
che aerial circuit D to the same 

etector circuit F. Fic. 6. 
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76. A RapioTELEPHONE TRANSMITTER. L. de Forest. (French 
Patent 492193. July Ist, 1919.) | 

The arrangement proposed is indicated in Fig.7. The oscillating circuit 

C,L, is joined between plate and grid of the valve. The transmitting 


A 


R2 

EN с; қ L, = Lo 

> E 

| 
+- 
R; 
dU 
qM 
R, B, l 

Fic. 7. TUE 


microphone M is joined in series with a resistance Ва of 25 to 100 ohms 
between the grid and filament. C, is merely a stopping condenser to keep 
the H.T. from B, away from the grid. 


77. THE INTERNAL AcTion or Амрикүікс Varves. M. v. Laue. 
(Annalen der Physik, 59, pp. 465—492, August, 1919. 
Jahrbuch der Drahilosen Telegraphie, 14, pp. 243—259, 
Abstract.) 

A mathematical investigation of the equipotential surfaces within three- 
electrode valves. Three types of valves are considered, (1) in which the 
anode and the control electrode are plane, the latter close to the filament but 
on the side remote from the anode; (2) in which the control electrode is a 
single wire parallel to the filament ; (3) in which the anode is cylindrical and 
the control electrode consists of a number of wires parallel to and arranged 
uniformly around the filament. The problem is reduced to a two-dimensional 
one by assuming the filament, anode and grid to be infinitely long and the 
problem is further idealised by assuming : 

I. that there is no space charge; and 

2. that there is no potential drop along the filament. 
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8. Vacuum Товеѕ ім THE Army. (Wireless Age, 6, p. 41, Sep- 
tember, 1919.) 
Details of various types of valves used by the U.S. Signal Corps during 
the war. 


79. Vacuum Товеѕ. H. P. Donle. (British Patent 130965, 
August 8th, 1918. Not yet accepted, but open to inspec- 
tion.) 

Covers the arrangement described іп Варо Review Abstract No. 17. 


80. Means For DETERMINING THE Півестіом oF A DISTANT 
SOURCE oF ELECTRO- 
MAGNETIC RADIATION. As 
Е. Adcock. (British 
Patent 130490, August, 
1918. Patent accepted, 
August 7th, 1919.) А: 

In D.F. stations the aerials are 

arranged with a vertical component ЕЕ, 

to receive the radiation, and the = 

horizontal connections arranged so 


"P MM 

that the effect of the radiation 

upon them is reduced to a mini- “A 7077 S£ 
Les 


mum. Proposed connection arrange- р 
ments for four vertical receiving | 
aerials are shown in Fig. 8. In 
each case the earth lead for any 


aerial is taken across to the earth 

connection of the diametrically ae 
opposite aerial. Li and Год are ТЕ, 

the radiogoniometer coils. Fic. 8. 


81. Жтнев AND THE ABSOLUTE Мкснамісв oF Wave Motion. 
С. баспас. (Comptes Rendus, 169, pp. 469—471, 529—531, 
September, 1919.) 


82. [HERMOPHONES OR Hot-Wire Receivers. (Electrician, 83, 
р. 242, September, 1919.) 

Some further particulars are given re heater wires for thermophones. 

In support of the need for the use of very thin wires it is stated that 

watts expended in wire 


———— 0с d? where d is the diameter of the wire; and that 
surface area of wire 
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surface area 1 
cross section — d 
of these receivers is given as 0:25 to 0:5 oz.; and their resistance may be 
given any figure between 20 and 3,000 ohms according to the use for which 
the instrument is required. 


Curves of these relations are also given. The weight 


83. Exectric Retays. Ву M. Latour. (British Patent 127318, 
April, 1916.) 

The amplification of high-frequency currents by vacuum valves is dealt 
with in this patent, and, in particular, the design of the iron-cored inter-valve 
transformers to secure the maximum amplification. A novel feature is the 
arrangements made for securing any desired static potential on the iron cores, 
metallic casing, and other parts of these transformers by making suitable 
connections between these parts and various points of the common anode 
battery. 


84. IMPROVEMENTS RELATING To Aupions, Lamp RELAYS, OR 
AMPLIFYING Apparatus. М. Latour. (British Patent 


129659, September, 1916. Patent accepted July 24th, 
1919.) 

An addition to Patent No. 127318. The static potential of the telephone 
headpiece is determined in addition to that of the core of the inter-valve 
transformers, by connecting one terminal of the telephone transformer to 
the telephone headpiece frame and to one of the terminals of the anode 
circuit battery. 


85. DEVELOPMENT or Loop AERIAL FOR SUBMARINE Rapio Com- 
MUNICATION. J.A. Willoughby and P. D. Lowell. (Physical 
Review, 14, pp. 193—194, August, 1919, Abstract of 
Paper read before the American Physical Society.) 

In the close of 1917, in the course of experiments made with the object 
of developing apparatus for the detection of submarines, it was found that 
radio signals could be received by means of a loop, either in air or submerged 
in fresh water. The loop aerial arrangement, as finally perfected, consisted 
of two insulated wires earthed at the extreme ends of the hull of a submarine, 
carried over suitable supports to the bridge, and thence to the receiving and 
transmitting apparatus. Communication at sea can be carried on under all 
conditions more efficiently with such a loop than with ordinary elevated 
aerials. Also it does not interfere with submergence. With the submarine 
submerged any North American or European station could be received as 
distinctly as on the surface. To receive short waves it is necessary that the 
top of the loop should be near the surface of the water, whereas a wave of 
10,000 metres length can be received with the top of the loop submerged 
21 feet. Signals could be transmitted from the loop a distance of 10 or 
12 miles with the submarine completely submerged. The range falls to 
two or three miles with the top of the loop 8 feet to 9 feet below the surface, 
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using 952 metres wavelength. Submergence of the submarine during 
reception or transmission does not alter the wavelength. With the submarine 
on the surface a transmission range of at least 100 miles can be obtained with 
a I-kw. spark set even under very stormy conditions. The loop can also be 
used as a direction finder. 


86. IMPROVEMENTS IN ErrcTrRICAL Resistances. S. R. Mullard. 
(British Patent 131057, April, 1918. Patent accepted, 
August 21st, 1919.) 

A high resistance for use with valves consists of'a thread of partially 
carbonised cellulose or the like embedded in insulating material such as 
paraffin wax, and enclosed in a fibre or ebonite tube. 


87. THE EVOLUTION AND ABSORPTION or Gases BY Grass. D. 
Ullrey. (Physical Review, 14, p. 160, August, 1010, 
Abstract of Paper read before the American Physical 
Society.) 

The absorption of various gases by glass and their subsequent evolution 
with vacuum heat treatment have been studied particularly with respect to 
the production and maintenance of high vacuum. 

Conclusions: (1) The rates of evolution of the gases are in general different 
functions of the time.at any temperature, and for a given baking period, are 
different functions of the temperature. 

(2) There is a large variation in the quantity of gases evolved per ст.2 
from different samples of the same glass. 

(3) Annealing in air at atmospheric pressure always lessens the quantity 
of gases evolved on subsequent vacuum heat treatment, although several 
months may elapse between the two processes. 

(4) At a given temperature and pressure, glass is in equilibrium with a 
definite amount of water. Water vapour is evolved at high temperatures 
and re-absorbed when the temperature is lowered. 

(5) Glass from which practically all absorbed gases have been removed by 
melting in vacuo subsequently re-absorbs gases from the atmosphere at room 
temperature. 

(6) At temperatures up to the softening point, diffusion of gases of the 
atmosphere through glass does not take place. 


2. Review of Books. 


Tue THERMIONIC VALVE AND Its DEVELOPMENTS ім Rapio- 
TELEGRAPHY AND TELEPHONY. By J. A. Fleming, M.A., 
D.Sc., F.R.S. (London: The Wireless Press, Lid. 
Pp. xv. + 280, Price, 155. net.) 

Any person concerned with matters technical who permits his fancy to 

wander over the arts which are his study and his occupation, finds himself at 
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опе time or another wondering what аге the names of those to whom he is 
indebted for their first beginnings, and wanting to know something at least 
of how it all came about. These are idle thoughts, perhaps, for there is a 
quality about the work of the pioneer which never repeats itself as the 
subject becomes more widely exploited. Still, the processes of the applica- 
tion of scientific knowledge аге not so obscure but that those who are in a 
position to break out into new fields of application in one art may expect to 
find practical utility in the study of the history of another. With original 
discovery, an obviously more delicate matter than application but not here 
in question, the deliberate study of method may, one must admit, end in 
defeating its own object. 

The readers of this journal have to do with arts whose growth under the 
special stimulus of the last few years has been extensive and vigorous, and 
are therefore sure to feel in especial measure this interest in men and their 
methods, alike those entering upon their subject at some middle stage of its 
recent development, and those who find the full growth suddenly presented 
to their view. 

Of the many who will take up Professor Fleming’s book it will be those 
who are led by such stimulated historical curiosity who will be most likely to 
hold on to the end through all the distractions consequent on the utter 
thoroughness with which the author carries out his stated intention of 
vindicating his own personal case. They will also, after all is read, appreciate 
the full implications of the frank assignment to De Forest of the credit for 
introducing the third or grid electrode (p. 102). 

This historical interest definitely predominates throughout the earlier 
chapters, and there are pages, for example p. бо dealing with the bringing forth 
of the Fleming thermionic tube from its dusty cupboard, in which this interest 
will rise for some to a higher level, giving a sense of a really historic occasion. 

But in this part of the book the technical exposition is continually inter- 
rupted or overlaid by the insertion of legal and similar extracts, to accom- 
modate which an appendix is provided in addition. These extracts, how- 
ever, embody numerous references, and may thus serve as an introduction 
to the “ patent ” aspect of the subject, and as some guide to such as expect to 
become involved therein, and even, it may be, to the Patent Office examiners 
to whom the author is so unkind on his opening page, always provided that 
their sense of duty leads them to read further. For some of these gentlemen, 
in this country at any rate, have been known to make a better success than 
Professor Fleming in combining a legal and technical exposition of this 
complex subject. They too will know better than the lay reader how to 
profit from the work of an author who is continually seen to be acting as 
expert witness in his own behalf. 

In these first three historical chapters again, the technical reader must 
be content to repeat in his own person the errors and difficulties hitherto 
encountered by all who have entered unassisted on the study of valves. 
The latter will recognise certain familiar pitfalls, for instance, the over- 
estimation of the importance of gas ionization, and the corresponding failure 
to appreciate the fundamental necessity of understanding what happens 
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when the natural field between the electrodes is distorted by the appearance 
of free charges in space. Again on the electrodynamical side, it is of the 
first importance to see clearly how the energy set free in the anode circuit of 
a detector arrangement is actually made available, and such statements as 
that on p. 178, repeated from pp. 63 and 138, that “ at each spark discharge 
at the transmitter a rectified train of oscillations, or a simple unidirectional 
pulsating flow of electricity passes through the telephone ” are worrying in 
proportion to the thoughtfulness of the reader (the italics are the reviewer's). 
It is not until p. 181 in connection with Armstrong's work that any inkling 
is given of the functions of the shunting capacity, actual or virtual, in carry- 
ing the high-frequency pulsating component of the rectified train past the 
enormous impedance of the telephones. It is a pity that such recognised 
pitfalls, particularly in matters where to follow Professor Fleming's lead is 
but natural, should have been left so weakly guarded. 

The division of aim from which the book suffers is far less pronounced in 
the later chapters, though by an unfortunate chance it is exemplified only too 
clearly in the closing paragraphs of the text. But from the technical aspect 
these later chapters improve progressively, and one is inclined to recommend 
those who seek up-to-date technical information clearly set out to begin by 
reading the last chapter of all. With the assistance of the excellent table of 
contents and the full index provided, they will readily pick up the earlier 
references to matters which this unconventional procedure may render 
obscure. 

As regards the period of the war, here covered by a single additional 
chapter, the time for writing history has not yet come, and it is therefore not 
unexpected that few of the author's countrymen are specifically mentioned 
besides those responsible for the development of apparatus under the Marconi 
Company. For the same reason, perhaps, there is no mention of French 
work on valves and their circuits ; nor among so many excellent photo- 
graphic illustrations is there one of that instrument, the * French ” valve, 
known later as the “ К,” which was used in hundreds of thousands by our 
troops, and which will in consequence be the one object called to the mind 
of the great majority of readers by the title of this book. To these the 
omission will appear inexcusable. 

Official prohibition of the representation of so familiar an article is incon- 
ceivable, and indeed a sufficient description of it had in fact been approved 
for inclusion in Captain Turner's paper read to the Institution of Electrical 
Engineers in June of this year, a date prior to the latest appearing in this 
book, which is that of an American legal decision of July 7th, 1919. 

It is a curious fact, and one that carries an unspoken commendation of 
De Forest’s development work, that the characteristics of the “ good” 
valve given on p. 167, which are those of the French valve alike with other 
valves of very different construction and appearance standardised and used 
in large numbers in this and other countries, are actually those usually found 
in the most reliable, though not the most sensitive of the audions. In the 
experimental development of the audion there must have been present 
either great skill or great luck. It was an instrument of notable possibilities, 
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and its performances have provided a profitable occupation for many in 
unravelling the numerous problems they present. It seems in face of this 
that although the method of science may be more evident in Fleming, the 
spirit of discovery was more with De Forest. 

On the question of nomenclature much might be said with little profit. 
The collected list of names for the “ valve ” given in the preface leaves one 
in truth breathless. To these the author proposes to add one more. As 
regards generality of application “ thermion " is a slight improvement on 
* audion.” It is euphonious, but, as is admitted, the fact that it is a coined 
word which has been used before in another sense is against it. However, 
in matters of taste the appeal to examples of proved merit is valid; the 
principles of such word-making have been imperishably enunciated by 
Faraday (“ Experimental Researches,” 397—403), on introducing what are 
now without exception established names in electro-chemistry and molecular 
physics. The study of “ electrolytes " was well advanced when Faraday 
devised this and the allied words, but so well did he avoid names which might 
“ат any time . . . lead to confusion or tend to support false views,” that 
the “ electrode,” the ** ion," and so forth are still without rivals. 

Both the printing and illustration of the book are well carried out. Minor 
misprints have been observed on pp. 38, 105, 141. Something has gone 
badly wrong with the numbering of the paragraphs in Chapter I., where 
“7” occurs twice, on pp. 26 and 33, and “ 8 ” likewise on pp. 30 and 36. 

In spite, however, of evidence of condensation, and of the large amount of 
information compressed into a comparatively small volume, the presentation 
of the subject in the later chapters 1s such, that one could wish that more of 
that sort had been written. 

В. 5. GossLING. 


Correspondence. 


THE OSCILLATING TRIODE. 
То THE Егітов, THE “ Rapio Review.” 


бік,--Оп p. 37 of your first issue, Dr. Whiddington is reported as giving 


the expression (= + RC) for the minimum value of M necessary to start 


k 


oscillation, where k is defined as the “ amplification factor.” If, however, 
this factor is defined as the ratio of change of anode E.M.F. to change of 
grid E.M.F. (which seems to the writer to be the correct definition) then the 
expression given'appears to be of wrong dimensions, and should be multiplied 


by p, giving 
] 
І (L+ pRO). 


* 
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If, on the other hand, & is the ratio of anode current to grid E.M.F. change, 
i.e. a quantity having the dimensions of a conductance, then the expression 
given is, of course, correct. | 
Is it not preferable, however, to express the amplification as a simple 
ratio of E.M.F.s ? 
R. C. Слнкев. 
Rugby, November 151, 1919. 


HARDENING AND SOFTENING OF IONIC TUBES. 
To THE Егітов, THE “ Варо Review.” 


Sir,—With reference to Dr. Eccles’ interesting letter in your last 
number, it would appear that his explanation is more of the nature of a 
detailed consideration of what happens when a positive iou falls into the 
filament than of an explanation of the hardening and softening phenomena. 

Dr. Eccles’ suggestion differs somewhat from the generally accepted view 
in that he attributes the whole hardening process to the occlusion of gas in 
the filament. It has previously been supposed that the “ clean up ” was due 
to gas being driven into parts of the valve at lower temperatures than the 
filament. The question asked in the discussion at Bournemouth may well 
be repeated “ how are they (4.е., the positive ions) retained in the filament 
at 2,000? C. ?" At that temperature the average velocities are high and 
the average time that would elapse before a particular ion acquired a velocity 
sufficiently high to enable it to break away from the surface of the filament 
would surely be very short. 

The whole phenomena of hardening and softening has been frequently 
observed when the currents through the valve have been less than 20 per 
cent. of the saturation current. Moreover, if a valve is hardened at a high 
voltage and is then run at a low voltage it is never observed to return to its 
original soft state. It softens to a smaller extent than the original hardening. 

It may be observed that the electrons and ions are by no means confined 
to the space between the electrodes. Some proportion of them are flying 
round in external orbits and in following these paths some will strike the 
containing walls. Several cases are known in which the bombardment 
from these side orbits has led to sufficient local heating of the glass to cause 
cracking and puncturing of the walls. 

It is believed that the valve manufacturers have information available 
that would throw a good deal of light on this question if 1t were carefully 
analysed. | 

С. L. Fortescue. 
G. B. Bryan. 
Royal Naval College, 
Greenwich, 


November 4th, 1919. 
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' The Calculation of Loads in Guy 
Ropes for Masts or Towers.” 
By C. T. G-HOOPER, A.M.I.Mech.E. 


N selecting a suitable guy rope for staying any structure such 

as a tower or mast, experience is a very valuable guide; but 

occasions may arise in which either conditions are so altered as 
to render past experience of doubtful value, or, the cost of the 
ropes being a considerable item, it may be desired to design them 
as economically as possible, that is, to supply ropes of no larger 
diameter than is consistent with the greatest loads they are likely 
to incur under working conditions. 

For instance, the guy ropes staying the masts which support 
the aerial wire of a wireless telegraph station frequently have 
their continuity broken by means of insulators in order to lessen 
the risk of leakage to earth of the high-frequency current in the 
aerial. These insulators are necessarily of porcelain or other 
material of low tensile strength and consequently it is important 
that the load they will be called upon to bear should be known 
within fairly close limits. 

The following are some simple rules, deduced from first prin- 
ciples, for ascertaining the tension likely to occur in any rope 
used for staying towers or masts. Six general cases have been 
taken, but the principles may be applied to almost any system 
of rope support. 

The cases considered are :— | 

1. Mast stayed by ropes attached to top. 
2. Mast stayed by ropes attached to intermediate point. 
3. Mast stayed at two points, one being the top. 


* Paper received June, 1919. 
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4. Mast stayed at two points, neither being at the top. 

5. Mast stayed at more than two points. 

6. When guy ropes are duplicated and form an angle with 
each other. 


In the first five cases it has been assumed that the heaviest 
load is taken by a rope (or ropes in cases 3, 4 and 5) when its 
vertical plane is the plane of the wind pressure acting, and that 
no support is given by the other ropes, they being assumed to be 
redundant for the time being. 

The general assumption has also been made that the Idest 
end of the tower or mast is fixed or encastré and that deflection 
is completely restrained there. In dealing with masts this is a 
condition which holds in practice, and it is therefore considered 
that the above assumption is justified and that it will introduce 
no appreciable error into the calculations. 

The nomenclature adopted is as follows :— 


A == Length of rope in plan in feet. 

C = Constant for wind pressure = р lbs. per sq. foot. 
d — Mean outside diameter of mast in feet. 

H = Height of mast in feet. 

1, = Length of горе. 

0 — Angle between rope and vertical. 

T = Tension in rope in lbs. 

W = Total load on mast due to wind = САН lbs. 

о — Load per foot run due to wind = Cd lbs. 


Other symbols as given in the text. 


The results arrived at will hold good only for structures of 
circular cross-section which present an unbroken surface to the 
wind. The tensions induced in the guy ropes of a lattice tower 
or mast cannot be calculated directly from the formule given, as 
the wind loads, theoretically at least, will be less than those 
imposed on a plated or solid structure of the same dimensions. 
It is, however, a simple matter to apply the same method of 
calculation to all similar erections of whatever cross-section 
provided that the terms W and d are correctly dealt with. 


CasE r.—Masr STAYED BY ROPES ATTACHED То Top. 
(Fig. 1.) 
A mast is rarely guyed by means of ropes attached to its 
extreme end, but occasionally it has to be done in order that the 
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ropes may avoid obstructions such as buildings, еїс., and as it 
presents the simplest case it will be considered first. 

A mast supported as 
shown in Fig. 1 is under 
the same conditions as 
a cantilever with a 
uniformly distributed 
load and propped at 
its free end. It can be 
easily proved by equat- 

H ing the deflection at the 
end of a cantilever, due 
to a uniformly distri- 
buted load, to that due 
to a concentrated load 
at the same point, that 
the single force re- 
quired to resist the 
deflection of the uni- 
formly loaded canti- 


A | — lever is 5 W, where W 
is the total superim- 


posed load. That is 


to say, the reaction at 


the propped end is 


and consequently the 
reaction at the built-in 
end will be ay In 
our case W = Сан, and 
at the built-in end 
there is also a fixing 
сан? and 
8 
if we take moments 
about O, we get 


moment = 


Fic. І. 


2 8 8 


o2 
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„т. ЗСан? = _ АН 
Е Я buty = А cos 0 = >— 
Т = ааа and as L = У Н? + А? 


H?-L А? 

көзде ‘deggie W 

When T has been multiplied by a factor of safety a suitable 
. Tope can be selected. 

CASE 2.—Mast STAYED By ROPES ATTACHED TO INTERMEDIATE 

Point. (Fig. 2.). 
Next considering a mast having a considerable portion of its 
length above the points to which the ropes are attached, such as 


Fic. 2. 


JAN., 1920. 
TABLE I. 


P = Кү P by 


k K moments. 


1:0 | 0:375 | 0:375 W | 0:500 W 


0:9 | 0:445 | 0:445 W | 0:555 W 


0:8 | 0:537 | 0:537 W | 0:625 W 


0-7 | 0:659 0:659 W | 0:714 W 


0:6 | 0:825 | 0:825 W | 0:833 W 
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that shown in Fig. 2. It will be 
seen that this is an example of 
a uniformly loaded cantilever 
propped at some point other than 
its free end. 

If X the height of the point 
of attachment be expressed as a 
function of H, the total height, 
say as kH, then the value of the 
horizontal reaction P (which is 
the horizontal component of the 
tension T in the rope) may 
be calculated from the equa- 


0:5 | 1-062 | 1-062 W | 1-000 W : 


SEI 9481 

(where Е and I have their usual meaning in deflection formule), 
the left-hand side of the equation being the expression for the 
deflection of the mast at the point of attachment of the ropes 
under the concentrated load P, and the right-hand side represent- 
ing the deflection at the same point due to the uniformly distributed 


tion 


load © ths. per foot run. 


H 
By cancelling we get 


pe 2 (6 — 4k + k?) and making 


P= WK = KCdH 
In Table I., K has been calculated for all integer values of k 
between 0:5 and 1:0, and intermediate values may be estimated 
by taking the mean of the two nearest readings of k. 
In order, therefore, to find the horizontal force P for any length 
of mast or tower stayed in the manner shown it is only necessary 


6 — 4k +k? _ 
Bp Hs 


to obtain the ratio Е = “Sand against this ratio (expressed as a 


H 


decimal) will be found the corresponding value of P in terms of W. 
P must now be resolved in the direction of the rope, and from 
the triangle of forces, 
_ P _ KW Ксан 


sin 0 
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But sin 6 = 4 
и Ата TED 20... (9 


If the mast had been considered as a beam uniformly loaded 
and simply supported at its base and at the point of attachment 
of the ropes, and the force P calculated by taking moments, the 
results would have been as shown in the column marked “ P by 


moments ? in Table I. and it will be observed that as the ratio x 


H 
decreases the values obtained thus and those calculated by the 
deflection formula more nearly agree. 

Therefore for values of k between, say, 0°7 and 0:5, P could be 
calculated quite accurately enough by ignoring the “ built-in ” 
effect at the mast base, and taking moments, thus :— 


p WH Сан? ad 


| OK 9X" 
т-- Сан: сана, Сан? ,/ X* A? (да) 
ƏXsin ð АХ | 9AX ME 


The expression for the tension T' given above in (2) could also 
have been arrived at by the method adopted in the previous case, 
by taking moments about the point O, thus if Т.у is the moment 
of the tension about that point, and as the fixing moment at the 


2 
base = SO" коан. х = CdH (2 — кх), 
CaH? H 
then T .y = 22 — can (S — KX) 
= САНКХ and as y= А cos = Es 
T= ES — the expression arrived at in (2). 


САЗЕ 3.—MasT STAYED AT TWO POINTS, ONE BEING АТ 
THE Tor. (Fig. 3.) 
If we next take the case of a mast stayed at two different 


points on its length as in Fig. 3, the method of treatment will 
depend on the relative positions in plan of ropes such as а and b. 
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For instance, if there be some angle between a and b as in Fig. 
3 (11.) it may be assumed that if the wind pressure acts in the plane 
of the rope а no assistance will be given by b and vice versa. There- 
fore the loads in these ropes can be estimated by means of the 
two previous formule— 
viz.:—G by means of 
formula(1) and b by for- 
mula(2). This is, of course 
not strictly correct, but will 
give results on the safe 
side. 


Fic. 3. 


If, however, these two ropes are in the same vertical plane as 
in Fig. 3 (1), it is obvious that deflection will be restrained at two 
points, by the tension Т, іп the rope a of which Въ is the horizontal 
component, and the tension Tg in b of which Rp is the horizontal 
component. But it should be understood that unless the ropes 
a and b are both perfectly taut it will not be possible to estimate 
the reactions Ра and Ар accurately—so unless some means of 
tensioning these ropes be provided, such as rigging screws, it 
would be safer to design them with the two preceding formule (1) 
and (2), that is to say by ignoring the help given by a to b and 


vice verså. 
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Assuming, however, Taste II. 

that means are provided | , | z x |npeErm| вак 
lor giving: 0me..slpht jan s a e o 
initial tension to the /|0:95| 1:898 | — 1:381| 1:898 W |— 1:381 W 
ropes the: mast would. == === тата таа а 
then be under the same |9 
conditions as а con- |04 | 9.683 | — 0-105] 0-683 W |— 0-105 W 
tinuous beam _ carrying 
a uniformly distributed |9-7 | 0-577 |+ 0:05 |0577 W |+ 0:050 W 
load, having one end built - 1mm 
in and two further sup- |06 | 0°551 |+ 0°137|0°551 W |+ 0137 W 
ports; one beinp at the: == a 
free end. There аге three |05 | 0571 |+ 07196 | 0-571 W|-+ 07196 W 
reactions to be deter- 
mined, Ао, Rp, Rp, and if 

Ма = the bending moment at Q 

Mp = the bending moment at P 

Mg = the bending moment at R = 0. 


Ihe values of the reactions can be calculated from the general 
equation of the Theorem of Three Moments, namely * 


МХ + М,Н + M,(H — X) = ij [Xt a хр) 


and, as one end is built in, we have the additional equation | 


WX? 
AMO т 

If, as in the last case, we express X as a function of H, say kH, 

by substituting this in the above equations we arrive at the 

following general expressions, for the bending moments and 


reactions at the points of support, viz. :— 


* This equation has been altered to suit the nomenclature used, and is more usually 
expressed as 


Май + 2.M p (i, + 1) + Mel, — { (013 + 01,3) = 0, and in the above case : 


Мв = Mp 

Mo = Mg 
h-X 
Lcd 
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ма (Е) 

х-на ае 

вы ae) 

R= (gaa) —WK=CdHK where Е- agit ар 
p P ate NE .) -WK'—CdHK' 


6—12k-4-6k?— 

16—90k--Ak? © 

The two last reactions Rp and Rp are those with which we are 
chiefly concerned, and they have been calculated for values of 
k from 0-5 to 0-95 (see Table IL). It will be observed that 
between the points k = 0-7 and k = 0:8 the sign of the reaction Fg 
changes, that is to say, there is an intermediate point at which 
Rz = 0, and by equating the above expression for this reaction to 
zero this value of k will be found to be 0:74. Thus, when the value 
of k (- ratio 2 is between 0:5 and 0:74 the reactions at P and В 
will act in the same direction ; but if k be greater than 0:74 these 
reactions will be in opposite directions. 

If T, and Т, are the-tensions in ropes а and b respectively, then 


where K'— 


т- Er _ Rel _ K'CdHL  K'CdH JH? + A? ~ (3) 
“sino A A A °° 
_ Rp _RpL' _ KCdH J/X?+ A" (вз) 
В sin 6! A’ = A’ . © >è è œ 


Where 0”, Г’, and A’ have the meanings assigned in Fig. 3. 


CAsE 4.—MasT STAYED AT TWO POINTS, NEITHER BEING 
THE Tor. (Fig. 4.) 


If, in the previous case, the rope a had been attached to a point 
some distance below the top of the mast, it would have presented 
a common example of the arrangement of guy ropes, As in the 
previous case, regarding the mast as a beam with one end built in 
and two further supports P and R, the reactions at these supports 
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Fic. 4. 


сап be calculated as before from the equation of the Theorem of 
Three Moments :— 


M,X + 2M,H + M} (H — X) = 2 {X*+ (H— x») and the 


4 
equations due to the particular end conditions, viz. :— 
о X? 7 
ӘМ, = а Mp for the end encastré, and 


we? . 
М, = oF for the overhanging end. 


The prefix “М” denoting “ bending moment at” and “ R” 
denoting “ reaction аё? as before. 

The bending moment Mp at the point P can be expressed 
generally :— 
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Mp = zg gy (2Н° — 6H*X — 6HX — X? — A&H + 4X) 


16 


and the remaining bending moments and reactions can be ex- 
pressed in terms of Mp thus :— 


_ ох? М, 
eer a 
I = 8 9 
R _ wX (X? — 4e? — 5XH + AH?) — AM, (X — ЗН) 
SX(H—X) | | 
5 (H — X + e*— M» 
Нв = — pzy — or w (H + e) — Ry — Rp. 


These expressions for Rg, Rp and В, have been obtained by 
taking moments about the points P, R and the free end respec- 
tively, the corresponding equations being, 


2 
— RX +25 + Mg = М, 


он" 
2 


ey ee ie ee do "oU EO M=. 


— Re (H — X) — RH + 2 + Ma = М, 


Rp and Rp аге the reactions we require, and having obtained 
them the tensions in the ropes a and b will be given by 


Rp В В,УН%4 4% 


T, = Sg wm A 4102 42040 40404 00% (4) 
| BR, Ву ВМХ + A? E 
Tp = ao pecu ete OS t dis (4a) 


CASE 5.—MasT STAYED AT MORE THAN TWO PoiNrs. 


A mast stayed at any number of places on its length can be 
dealt with by the method adopted in the last two cases, that is, 
by the Theorem of Three Moments. It is simply the case of 
finding the reactions at the points of attachment of the ropes. 
Having obtained these, they are then resolved in the direction 
of the rope, as in all the previous examples. 
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CasE 6.—WueEen Guy Ropes ARE DUPLICATED AND FORM 
AN ANGLE WITH EACH OTHER. (Fig. 5.) 


All the previous cases considered have been those in which a 
single rope has been considered as supplying the reaction at the 
point of attachment to the mast. In practice, however, two ropes 
are sometimes used, both being fixed to a common point on the 
mast, as shown in Fig. 5. 

If at this point, А is the reaction as calculated by means of any 
of the formule given in the text for P, Rp, or Ва, the tension in 
each of the two ropes will be given by 

т. ВХ p A+ Sf 
2A 
where f has the meaning given in Fig. 5. 

This formula is obtained by resolving the reaction R in the two 
directions, and it may be noted that the factor VX? + A? + f? 
is the true length of the 
rope. 

In calculating the tension 
by any of the preceding 
formulz it should be remem- 
bered that the result will 
only be correct when the 
whole length of the mast is 
exposed to the wind, and 
when the pointof attachment 
of the ropes to the ground 
is in the same horizontal 
plane as the base of the 
mast. 

Should the latter be resting 
on a foundation Z feet high, 
above the horizontal level at 
which the guy ropes are 
anchored, as in Fig. 6a; or 
if the point of anchorage be 
Z feet below the level of the 
mast base as in Fig. 6b, 
it wil be necessary to 
substitute— 
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AH . 
HIZ for A in the formule (1), (3) and (4). 
AX А 
XIZ for A in the formule (2) and (2a), and 
Ax for A’ in the formule (За) and (да). 


X+Z 


z 


(a) (b) (е) 
Fic. 6. 


If, оп the other hand, the point of anchorage is 2 feet above the 


I AH AX 
base of the mast, as in Fig. 6c, the expressions H—ZX-—Z 


and 


x 2 must be used in place of A and A’ in the respective 


formule. 


A Variable Liquid Resistance. 
Ву Е. W. JORDAN, B.Sc. 


| many experiments in electrical] laboratories a smoothly vari- 
able resistance of fairly large value is frequently required. 
Such resistances are becoming very desirable in high-fre- 

quency work, especially in connection with cascade amplifiers. 

The accompanying diagram describes very fully the con- 
struction of a variable resistance which has proved very useful in 
certain researches with triode valves. It consists of a glass U-tube 
with large open ends which act as reservoirs, solid glass rods 
sliding in the limbs of the U, and two electrodes. Each of the 
electrodes is formed by winding bare copper wire into an annulus 
which fits inside one of the large open ends of the U. The electrodes 
are fixed in position, and when in use the glass tube is filled with 
dilute copper sulphate solution. 
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The resistance between the electrodes is varied by sliding more 
or less of the vertical solid glass rods into the tube. The glass 
rods are held in position by clamping the brass rods which support 
them. This construction has the advantage of fixed electrodes, 
free from soldered joints. 


ELECTRODE MAOE BY WINOING 

COPPER WIRE OVER COPPER STRIP E 

BENDING ROUND INSIDE OF RESERVOIR, 

LEADS BROUGHT OUT THROUGH t " 

RUBBER STOPPER. Ys Esonrre Roo 


| 4 Ми GLASS ROD 
1 


GLASS CLAMPEO IN 


YB BRASS ROD 


CLAMP 
ELECTRODE 


LEAOS THROUGH RUBBER 
[TJ a ae". Pel 
SHELLAC D 


EBONITE 


ГА ^ 
2 WHITE WOOD 


EBONITE CLAMP 


5 Мм GLASS TUBE 


7 е 
2 WHITE wooo 


е 1 г 3 % 5 6 7 8 9 10 i 12 


JaN., 1920. HOWE: Comparison oF AERIALS 175 


The Relative Advantages of 
Elevated Antenna, Loop Aerials, 
and Underground Wires for the 


Reception of Radio-Signals. 
By THE EDITOR. 


NE of the results of the development of the thermionic 

amplifier has been the greatly increased employment of 

relatively small loops as receiving aerials. This is a return 
to the earliest method on record for detecting electromagnetic 
waves, since Hertz used a loop receiving aerial in his classic 
experiments. The detectors now in use, however, are of a sensi- 
tiveness undreamt of even ten years ago. There are at the present 
time three types of aerials in use, viz., the elevated antenna, the 
closed loop, and the horizontal underground wire, and a number 
of papers have been published during the last few months dealing 
with various aspects of the relative advantages of these various 
methods of detecting radio-signals. Apart from mechanical, 
financial, or military considerations the discussion must centre 
round two points, firstly, their sensitiveness and secondly their 
freedom from atmospheric disturbance. To any one acquainted 
with the delay and inconvenience caused at present in long dis- 
tance transmission by “ atmospherics ” it will not be surprising 
if more stress is laid on the latter consideration. If an aerial can 
be employed of a type which discriminates to an increased degree 
between the desired signal and the atmospheric disturbance, one 
is prepared to sacrifice much in sensitiveness, since, if necessary, 
the signal can be amplified up to the requisite strength. In many 
cases the signal is quite audible but unreadable because of “ atmo- 
spherics.” Both underground wires and loops appear to be 
superior to the elevated antenna in this discriminating property. 
This is due to a large extent to the directiveness of the former, 
since they do not pick up atmospherics at their full intensity 
unless these come in the same direction as the signal There 
seems to be no doubt, however, that the discrimination goes. 
further than this and that both the loop and the underground wire. 
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give a larger ratio of signal to static—to use the American phrase 
—than does the elevated antenna, even when the signal and static 
come from the same point of the compass. 

The electromagnetic waves emanating from a transmitting 
station and travelling over the earth’s surface are associated with 
radial alternating currents in the upper layers of the earth’s crust, 
which are poor conductors especially the surface layer. If a long 
copper cable be buried in a direction radial to the transmitting 
station, this alternating current will flow through it in preference 
to the surrounding soil, especially if several cables are arranged 
T-shape or fan-shape, coming together at the receiving station 
and then spreading out again. In this way the current which 
would otherwise flow over a considerable area is concentrated on 
the receiver. The cables should preferably be buried below the 
very dry upper layer, the better to collect the current. If well 
insulated cables are used, the system can be sharply tuned ; there 
is then no conducting connection between the copper core and the 
earth, but the insulation of the cable acts as the dielectric of a 
condenser. The velocity of an electromagnetic wave along such a 
cable is less than the velocity through space in the ratio of the square 
root of the specific inductive capacity of the dielectric. Its wave- 
length for a given frequency will be correspondingly reduced. If 
the total length of the cable is a half the wavelength or one and a 
half wavelengths, it will be in resonance to the received wave with 
a current maximum at the centre. Many interesting experiments 
with buried insulated wires are described by A. H. Taylor in 
the August number of the Proceedings of the Institute of 
Radio Engineers,* and striking examples given of the reception of 
distant stations when “ atmospherics ?” made this impossible on 
ordinary antenne. There is, however, room for much further 
research along the lines indicated above. 

If it be granted that atmospheric disturbances are propagated 
by electromagnetic waves of the same general character as the 
signal waves, they also will be associated with earth currents and 
if the direction of propagation is the same, any discrimination on 
the part of the underground receiving system must be due to the 
different characteristics of the two waves as regards frequency and 
decrement. Any difference between the underground wires and 
an antenna in their discriminating power must be due, however, 


* Каро Review, Abstract No. 149. 
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to their different characteristics when regarded as oscillatory 
circuits. The same is true with respect to coil or loop aerials. 

Two papers of interest have recently been published dealing with 
the loop aerial, one by Max Abraham of the Telefunken Company 
(until recently Professor at Strassburg) treating the problem from 
a purely academic point of view, and the other by Captain Blatter- 
man of the U.S. Signal Corps of a more practical nature. It was 
known that the maximum amount of energy that a given type of 
antenna can abstract from an electromagnetic wave and deliver to 
the detector is theoretically independent of its height and is depen- 
dent only on the amplitude of the wave and on the wavelength. 
The condition to be fulfilled to obtain this maximum is that, of the 
three resistances—viz. (1) the radiation resistance, (2) the loss 
resistance due to wires, earth, imperfect dielectrics, etc., and 
(3) the useful resistance that is, the detector resistance reduced to 
its equivalent value in the aerial—the second should be negligible 
and the third should be equal to the first. The radiation resistance 
of an antenna being proportional to the square of the height, it 
follows that if the detector resistance іп а Io-foot antenna is 
reduced to a hundredth part of that in a 100-foot antenna, and if 
moreover the loss resistance is reduced in the same proportion, 
both of these aerials will, if tuned to the same electromagnetic 
wave, collect from the ether and deliver to the detector the same 
amount of energy. Now Abraham shows that a loop is able to 
supply exactly the same amount of energy to its detector under 
the same conditions, but that on account of its small radiation 
resistance, the conditions are practically impossible to attain since 
it is impossible to reduce the loss resistance in the necessary pro- 
portion. It is useful, however, to bear this fact in mind when 
designing loops and their detecting arrangements. 

To make a circuit respond readily to impulses to which it is 
tuned, and but slightly to aperiodic or low-frequency impulses 1t 
is necessary to reduce the damping of the circuit as much as pos- 
sible. Abraham comes to the conclusion that the superiority of 
the loop is largely due to the fact that its damping ratio E/2L is 
usually smaller than in an elevated antenna. A further reason 18 
to be found, however, in the fact that to waves of a greater length 
than those of the signals or to aperiodic disturbances of small 
decrement, the phase angle represented by the distance between 
the two vertical sides of the loop is relatively less and that therefore 
for a given electromotive force induced in each side, the resultant 


Y 
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electromotive force in the whole coil is smaller. Since atmospheric 
disturbances always appear to have much longer wavelengths than 
those employed in telegraphy this may be an important factor in 
reducing their effect on aloop. The paper by Captain Blatterman 
records and analyses a great amount of valuable experimental 
work in comparing the results obtained with loops of various sizes 
and numbers of turns. Since all loops are equally effective if their 
resistances are suitably reduced and their detectors properly 
adjusted, it follows that the choice of a proper design is largely a 
question of the ratio of the three resistances enumerated above. 
Blatterman gives much valuable data with respect to the resist- 
ances actually found in loops of various designs at different 
frequencies. 


The Design of Multiple-Stage Amplifiers Using Three 
Electrode Thermionic Valves. | 
By PROFESSOR C. L. FORTESCUE. 


(Abstract of paper read before the Wireless Section of the Institution of 
Electrical Engineers on Wednesday, November 19th, 1919.) 


HE methods given in this paper were developed in the course of working 
out the design of valve amplifiers for use for naval wireless telegraphy 
purposes, and permission to publish this paper has been specially given 
by the Admiralty. The author is indebted to various co-workers for 
numerous suggestions which led, finally, to the form given. A vast amount 
of experimental work on the subject was carried out at H.M. Signal School, 
Portsmouth, by Lieutenant J. K. Catterson-Smith, R.N.V.R., and Lieutenant 
W. A. Appleton, R.N.V.R. Many suggestions were made at different times 
by Mr. H. A. Madge and Mr. Gossling of the Signal School, Portsmouth, and 
by Captain H. J. Round of the Marconi Company. 
The paper is divided into four main sections :— 
(A) Description. 
(B) Reaction Effects and the Tendency for Alternating Currents to be 
Maintained in the Circuits connected to the Tubes. 
(C) Other Limitations to the Effective Amplification. 
(D) Theoretical Treatment. 
In the first section general descriptions are given of four main arrange- 
ments :— - 
(1) The simple case of a single valve used as a resistance amplifier ; 
(2) The use of tuned circuits instead of resistances ; 
(3) Selective and non-selective amplifying ; and 


(4) Cascade amplifying. 
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The action of an amplifying system, electrical, mechanical, and otherwise 
is strongly affected by any transfer of energy back from the output end of 
the system to the input end, by any form of return coupling. If this coupling 
is such that the changes at the input end are accentuated it follows that 
changes of a given amplitude can be maintained by a smaller power supply. 
In the extreme case the coupling may be strong enough to do more than 
maintain the changes at the input end. The system is then unstable and 
oscillations are generally set up and maintained. If the coupling between 
the ends of the system tends to oppose the changes at the input end the 
effective amplification is reduced. The return coupling may be a capacity 
coupling, a mutual inductance, or a combination of the two or resistance 
coupling may also be employed in conjunction with either capacity or 
inductive coupling. Capacity coupling is always present to some extent. 
In practice it is desirable to reduce this unavoidable coupling as much as 
possible. 

The tendency towards the generation of oscillations may in practice be 
controlled by varying the grid voltage of the valves. By making the grid 
more positive, the grid damping is increased and the valve becomes more 
stable. | 

There are several limitations to the effective amplification of the set. 
Amongst these may be mentioned :— 


(1) External interference of the same nature as the P.D. variation to be 
amplified. 

(2) Minute irregularities in the behaviour of the valves themselves. 

(3) Constancy of the batteries used ; bad contacts, etc. 


The theoretical treatment of the problem is based on the slopes of the 
straight parts of the four characteristic curves of the valve, viz :— 
ER di и Ст. i dC " dV 
ра За “4 ay 
where v = anode voltage; 
7! = grid voltage; 4 = 
anode current, and 7’ = 
grid current; and the 
assumption is made that 
the static characteristic of 
the valve is followed at 
high frequencies. 

For the complete case 
for a single valve (see 
Fig. 1) it is shown that 
Fic. 1. the amplification 


= kı — 300" 
0v  " (Cg +С) + ka + МЕ, +joL,) 
where С” C,, La and Е, have the meanings shown in the Fig. From 


P2 
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this equation it is evident that the internal capacity of the valve (indicated 
by C") affects both the resonant frequency and the sharpness of the resonance. 
The sharpness of resonance depends also in the relative values of the terms 
l/(mL,) and e(C,-- С) as compared with А. If they are small then 
resonance is not marked. This is the prevailing condition when C, is the 
self-capacity only of the winding L} 
The exact conditions for resonance are given by 
(C, + 6) = ЦИЕ + о? 2) 
and under these conditions the maximum voltage step-up is 
kı — jw” 
ke + R,[(R,? + 021, ,?) 
The effect of the valve capacity is to throw an extra load upon the input 
circuit—represented by the alternator D in Fig. r. This leads to additional 
damping of that circuit, and shows that there will be no tendency to 
generate oscillations at the resonant frequency. At other frequencies this 
will not necessarily be the case. 

When dealing with more than one valve, it is assumed that the valve 
characteristics are identical and that the circuits are identical, and equations 
are developed similar to the above for the amplification and for the power 
taken, drawn from that circuit, for the cases of two and three valves 
while general equations are also indicated for any number of valves. 

Professor G. W. O. Howe opened the discussion, and suggested that the 
difference between the static and dynamic characteristics mentioned in the 
paper, might arise through changes in the temperature of the filament brought 
about by changes in the anode current. When taking the static curve the 
filament temperature would be able to follow changes in the anode current, 
but with the valve oscillating it would not be able to do so. 

Mr. L. B. Turner described an arrangement of two valves with resistance 
coupling only, making use of the retroactive coupling to secure amplification. 
This arrangement he termed a “ Kallirotron.” He claimed to have main- 
tained a voltage amplification of 2,000 using only two valves. 

Mr. Саттеввон-ӛмітн described the difference between the amplification 
obtainable with resistance-coupled amplifiers and that with transformer- 
coupled ones. With the former the amplification increased steadily with the 
wavelength, whereas with the latter there was usually a sharp maximum 
of amplification at some particular wavelength. Transformer coupling was 
therefore best for short wavelengths. He also described colloidal platinum 
and carbonised cellulose resistances for use with multi-vale amplifiers. 

Captain H. J. Rounp spoke about “ valve-noises,” and pointed out that 
they were least troublesome with short wavelengths. He had obtained a 
voltage magnification of 0:5 x ro$ using twenty-two valves in cascade оп 
short wavelengths without trouble from valve noises. 

Major Ersxine Murray referred to the difference between the static 
and dynamic characteristics obtained with power valves as used in 
the R.A.F.; and Captain SLEE dealt with the noises in amplifiers arising 
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through bad contacts and irregularities in the H.T. batteries, while Mr. 
Scott-Taccart and Dr. W. H. Ecctes also contributed a few remarks. 

Mr. В. 5. GossriNG quoted some calculations he had made relative to 
valve noises being due to the deposition of positive ions from the residual 
gas upon the valve filaments and showed that to coat the filament with a 
single layer only of ions would require about 100 seconds. This therefore 
could not be the cause of the noises, although this time agreed closely with 
the rate of slow variation of anode current noticed when a valve was first 
switched on to circuit. 

Professor Fortescue reserved the bulk of his reply to the discussion for 
communication to the Institution Journal. 


A System for the Reception of Continuous Waves. 
By F. SCOTT-T AGGART. 


(Abstract of paper read before the Wireless Society of London on November 
26th, 1919.) 


HE arrangement described is of interest largely because it solves 
in one way the problem of producing a continuous-wave wireless 
receiving circuit capable of “‘standby” and “tuned” adjustment 
combining ease of manipulation and high selectivity. In addition the 
circuits may be adjusted so as to reduce radiation to a negligible value. The 
complete arrangement was designed by the author, and used for certain 
special artillery communications during 1917 and 1918. As evidenced by 
reports it proved of exceptional value in battle and overcame the difficulty, 
previously experienced, of interference by neighbouring “ spark ” stations. 

The arrangement may be divided into three essential circuits: (A), 
(B) and (С). (Fig. т.) The circuit (B) is of the usual type. Ап aperiodic 
retroactor coil L, is variably coupled to a variable inductance L4, for the 
purpose of causing the circuit (B) to generate oscillations if required. The 
frequency of these oscillations is determined chiefly by the value of the 
condenser C,. The filament of the vacuum tube V, is heated by a 6-volt 
accumulator B, through a rheostat R, of about 5 ohms resistance. The 
plate battery B,’ of about 60 volts and the primary T, of a step-up trans- 
former T, T, are connected as shown, a fixed condenser Са of about 0:0003 
míd. being connected across B,’ and T, to by-pass the high-frequency 
component of the plate current of V,. 

The circuit (A) is exactly the same as (B) except that no aerial or earth 
connection is made, and the filament of V, is heated from the common 
battery В. А double-throw change-over switch S enables the receiver (С) 
to be connected to either T, or T,. This circuit (C) comprises a “ note- 
magnifier” V, V, and the receiving telephones T. 

The circuit (À) is placed near to the circuit (B) and their distance apart 
should preferably be variable. For eliminating interference (A) may be 
placed as much as six feet away from (B) although one to two feet is more 
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usual. For listening in оп the “ standby ” position the circuit (В) is used 
as a self-heterodyne, and in this connection it should be noted that for a beat 
note to be produced, the aerial circuit must be slightly mistuned. The 
incoming waves are, therefore, forced into the aerial circuit in spite of the 
fact that the latter is out of resonance, so that there is a consequent loss in 
signal strength. An important disadvantage of the self-heterodyne circuit 
is that it radiates while receiving and may give rise to interference at other 
stations. 

The disadvantage of excessive jamming may be largely overcome by tuning 
the oscillating (B) circuit to the silent point, decreasing the coupling between 
L, and L, or decreasing the filament current of V, so as to prevent V, from 
oscillating, and then switching S over to the left and re-tuning on the (A) 
circuit which is then made to oscillate. Owing to the very loose coupling 
between L, and L, spark signals suffer in amplitude to a much greater extent 
than C.W. signals, while the energy radiated from the aerial is considerably 
weakened. A further development which leads to much louder signals is 
to adjust the (B) circuit to the pre-oscillatory or subgenerative condition 
immediately preceding self-oscillation, by increasing the coupling of the 
retroactor coil L,, or the magnitude of the filament current, which latter 
adjustment is preferable, the incoming continuous waves are now retro- 
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actively amplified, with the result that louder signals are obtained in the 
telephones T. 

The ratio between the amplitude of the local and incoming oscillations 18 
of great importance. Suppose that the amplitude of the local heterodyne 
oscillations is Z and that of the incoming signals is 7, then the amplitude 
of the beats will vary from a maximum of L+ I to a minimum of the 
difference between L and I. When L is greater than 1 the average beat 
current, when rectified, will be proportional to 


(L+N—@—N_, 
9 SOS. 


that is, the signal strength will be proportional to the amplitude of the 
incoming signals. Hence a nearby station would drown a distant station. 
If the amplitude of the local oscillations is less than that of the incoming 
waves the average rectified beat current will be proportional to 


Q-D—0—LD , 
9 P] 


that is, the signal strength is proportional to the amplitude of the local 
current. Under these conditions a very high power station would not give 
any louder signals than a weak distant station. This effect has been found 
in practice to be very useful to prevent excessive interference. 

The discussion was opened by Dr. J. Ersxine-Murray who thought 
that the arrangement described might be very useful for ground stations 
but would probably be too complicated for aircraft work. He also expressed 
interest in the explanation given of the effect of the relative magnitude of 
the local and heterodyne oscillations. 

Major М. Hamitron, Mr. Basin Binyon, Mr. Рнпир R. Coursey, 
Mr. R. C. Cuinxer, and Mr. Broapwoop discussed the radiation from such 
circuits from various points of view. The question was also raised as to the 
relative magnification of a heterodyne note and a spark signal note by the 
note magnifier of the (C) circuit. In connection with the measurement of 
the frequency of continuous waves Mr. R. C. Сілмкек described the double 
click method recently outlined by Dr. L. W. Austin. Mr. Broapwoop 
suggested that it might be possible to use the receiving valve only as a 
detector and then to pass on the rectified energy from this valve to react 
with a separate circuit which may be made to oscillate at an acoustic 
frequency, and thus obtain a species of low-frequency heterodyne. Such an 
arrangement might avoid some of the difficulties of the heterodyne 
radiation. | 

Mr. Scott-Taccart in reply pointed out that the circuit described was 
not intended to eliminate heterodyne radiation but merely to reduce it, and 
dealt with the relative merits of self-heterodyne and separate heterodyne 
arrangements. 

He also outlined a slight modification of the circuits with a view to lessening 
the number of separate batteries required. 
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Review of Radio Literature. 


1. Abstracts of Articles. 


88. THE CALCULATION or ANTENNA Capacity. L. W. Austin. 
(Journal, Washington Academy of Sciences, 9, pp. 393—396, 
August, 1919.) | 

The predetermination of antenna capacity has until recently been a matter 
of great uncertainty. The author refers to the most important contributions 
to the subject, and then deals with the results of recent measurements on 
various forms of aerials. It was discovered empirically that the capacities 
of all antennas not too elongated in shape and having their wires not too 
widely spaced can be very approximately represented by the formula : 


C = (4 ya + 0°88 a/h) х 10-5, mfds., 
where a = area of aerial; and h = its mean height, both in metres. When 


the length | of the aerial is more than eight times its breadth b, an elongation 
factor must be introduced into the above formula : | 
C= (4 Va + 0:88 а/л) (1 + 0:015 1/5) x 10-5, mfds. 

These equations are really the sum of the usual expressions for the capacity 
of a disc in space and that for a two-plate condenser, disregarding the edge 
effect. Results correct to 10 per cent. for the antenna top. Capacity of 
downleads etc. must be added. Formulae assume that wires are sufficiently 
close to obtain nearly full capacity for the flat top of the aerial. Com- 
parisons of calculated and observed capacities are given. 


89. THe CALCULATION or THE NarURAL WAVELENGTH OF 
ArRIALs. A. Meissner. (Jahrbuch der Drabtlosen Tele- 
graphie, 14, pp. 269—270, August, 1919.) 

The author maintains that Howe’s method is too complicated and 
lengthy for practice and does not give accurate results. He prefers the 
cruder method of multiplying the length measured along the wire from earth 
to extremity of aerial by a coefficient found by experiment for different types 
of aerials. 


Examples: Vertical wire ; 4 : . 4—41 
Horizontal wire, 1 metre above ground 5) 
Broader aerials . ; Е . 51—71 
Old Nauen T aerial . : . 55l 
Small T (ships) . ; А . 45—5-01 
New Nauen Т (broad) . : . 581 
T (breadth = l, height = 1/2 to /8) 9-10 
Umbrella . ; қ . 61—81 


Ditto, low, with many wires . . 81—101 
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go. AirpLANE AnTENNm® Constants. J. M. Cork. (Bureau of 
Standards, Scientific Paper, No. 341, September, 1919. 
Fournal of the Franklin Institute, 188, pp. 556—557, 
Abstract.) 


The purpose of this experimental investigation was to devise a method 
for measuring the constants of various forms of aerials on aeroplanes. All 
the measurements were made under conditions of actual flight. The principle 
of the method involves the use of a continuous-wave valve oscillation 
generator for exciting the aerial directly and then substituting for the 
antenna a variable calibrated condenser and a variable calibrated non- 
inductive resistance. By this means the effective capacity and effective 
resistance are obtained. From these results the true capacity, inductance 
and natural wavelength are found graphically. Results were obtained for 
various forms of fixed wires and for one, two, and four trailing wires of 
various lengths. The results are summarised in a series of curves. An 
interesting result of these investigations is that under no circumstances was 
any rise in effective resistance of the aerial found with increasing wavelength, 
as compared with the results for aerials on the ground where the total resist- 
ance of the aerial first decreases rapidly and then rises again with increasing 
wavelength. This rise of resistance must therefore be due to the effect 
of imperfect dielectrics near the aerial such as the earth, etc., which are not 
present in the case of aeroplane aerials. The effect of covering the wings 
of the aeroplane with wire network with a view to improving the counter- 
capacity of the aeroplane was investigated, but the results were not so good 
as when the counterpoise connection was made to the ordinary metallic frame 
of the machine. 

The method for finding the directional transmitting effect of various aerials 
is also described in the paper. In order to compare the amounts of energy 
received, a detector valve with a three-stage low-frequency amplifier was 
used. A transformer was placed in the plate circuit of the last valve, and its 
secondary connected to the heater coil of a thermo-couple joined to a D.C. 
microammeter. This receiving arrangement was found to be free from many 
of the uncertainties of ordinary audibility meters. A typical directional 
transmission curve for a trailing wire aerial is included in the paper. 


01. RADIATION FROM Compounp Амтемчж. М. Abraham. 
(Archives fir Elektrotechnik, 8, pp. 42—45, July, 1919. 
Technical Review, 5, p. 80, October, 1919, Abstract.) 

Assuming that two antenne radiating synchronously and having their 
capacity to earth mainly concentrated in the horizontal portions are erected 
in close proximity, each will induce currents in the other and the energy 
required to maintain them in oscillation is greater than the sum of the 
amounts required to maintain each of them individually in oscillation. There 
is an increased radiation from the antennz resulting from the superposition 
of their fields. This increase vanishes when the oscillations of the antennz 
are displaced in phase by a quarter of a period. A general expression is 
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worked out for the sum of the radiations for any phase displacement between 
the oscillations of the component antennz, both for the radiations along the 
earth’s surface and also for the total radiation. The case is also considered 
of two antennz one of which is excited by the transmitter while the other 
one is entirely separate but tuned to the same frequency. This shows that 
if the secondary antenna has a certain resistance and is at a given distance 
from the primary antenna a complete shadow is thrown by the auxiliary 
antenna, while radiation from the main antenna is increased in the opposite 
direction by a species of mirror action. Such a secondary antenna may also 
be used at a receiving station to screen the main aerial from undesired 
radiations. The conditions for such screening to be effective are worked 
out. Two secondary antennz closely coupled together by their fields and 
situated at such a distance from a single primary antenna as not to react 
upon it appreciably, produce the same effect as a single secondary antenna 
of twice the radiation resistance. 


02. RELIABLE METHOD FoR THE APPROXIMATE DETERMINATION 
OF THE TRUE ANTENNA Constants. A. Hund. (Elec- 
trictan, 83, p. 470, October, 1919.) 

The procedure described was based on the measurement of the wavelengths 

A and A’ for the unloaded and coil loaded antenna. The inductance added 

at the base of the aerial must be sufficient to increase its wavelength to at 

least twice the fundamental value. The true or static antenna constants 
are calculated from the formule 
| 945222 10-19 72 
Га = тов пада То Pearys. C4 = а po mids. 


where A is in metres and Lin henrys. 

This formule applies more rigidly as the value of the loading inductance 
is increased. Many measurements show that this formule holds for almost 
all commercial antenne to a very close approximation. A table of some 
typical results is given showing errors not greater than about 2 to 3 per cent. 
as compared with the theoretical calculated constants. 


93. ІчростАМСЕ, Capaciry AND Resistance or Corrs AT RaDio 
Frequency. L. E. Whittemore and J. Breit. (Physical 
Review, 14, pp. 170—172, August, 1919, Abstract of Paper 
read before the American Physical Society.) 

Inductances used in radio circuits may usually be considered as pure 
inductances shunted by a capacity representing the distributed capacity of 
the coil. The pure inductances can most conveniently be determined from 
the values of the apparent inductance as obtained from the capacity which 
is required to give resonance at certain frequencies. The pure inductance 
and distributed capacity of the coil may be obtained from the data used for 
plotting the apparent inductances curve by the use of the following formule : 
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с. Са) CA) — (24,3) (20,419 

0 CNS + CLF 
.. 093814 [NZA,* — (22,7)7] 
(0 — (09 (54,2) + NEC AL? 
Со and C, being expressed in micromicrofarads, Lọ іп microhenries, and 
Ain metres. М is the total number of observations from which C, and Le 
are calculated. С, and 4, are corresponding values of the capacity in series 
with the coil and the resonant wavelength. It is assumed for the derivation 
of these formule that the error in the capacity measurement is constant, 
and that the percentage of accuracy in the wavelength measurements 
is also constant. If the coil whose capacity is to be obtained is immersed 
in a liquid of dielectric constant K, the capacity of the coil C, is 


С, as Съ ae Cs 
K-—1 

where С, and C, are the capacities required to tune the coil to resonance 
with a certain frequency before and after the coil is immersed in the liquid. 
The capacity of a coil to earth is important in many cases. If two condensers 
C, and С, are joined in series with a coil and the point of connection between 
the condensers is earthed then for a symmetrical coil its capacity to earth 
is given by the expression : 


14 


— 4| С: _ 0103 qui 
Сұ- a| C+ G (max.) СЕС, (min.) | 


The maximum is obtained when C, = C, The minimum value of 
C',C, (С, + Ca) is obtained when either C, or C, is short-circuited. The 
ollowing empirical expression was found to represent the curve connecting 
the high frequency resistance of the coil and the wavelength 


B 
"dS c 
Where R is the resistance at wavelength A, and where A, В, and dA, 
are constants of the coil. 


94. STUDY оғ ErrcrRosTATICALLY СооріЕр Circuits. W. O. 
Lytle. (Proceedings of tbe Imstitute of Radio Engineers, 7, 
Pp- 427—444, August, 1919.) 

This paper deals with the mathematical theory of electrostatically coupled 
circuits as worked out by L. E. Whittemore of the Physics Department of 
the University of Kansas. The solution of the problem is worked out by 
treating the circuits in the same manner as is done with ordinary alternating 
current problems using the vectorial notation. Two conditions of the 
circuit are dealt with (1) when they are tuned together after coupling and 
(2) when they are tuned before coupling together. In the former case it 
is shown that as the coupling is increased one of the resultant wavelengths 
approaches infinity and the other approaches zero but in the case when the 
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circuits are tuned together before coupling one wavelength always remains 
constant while the second approaches infinity with a steadily reducing 
energy. This latter case is considered as an ideal condition since it enables 
a large proportion of the primary energy of a coupled transmitter to be 
transferred to the secondary and yet to retain in effect a radiation of a single 
wavelength only. The results of the mathematical investigation were 
confirmed by means of oscillograms taken with a Braun tube oscillograph 
using. an oscillating arc as generator. The type of coupling employed is 


indicated in Fig. 1 and couplings up to 92 per cent. were obtainable. The 
curve of the current in the secondary circuit plotted against percentage 
coupling as obtained in one of these tests is given in Fig. 2 from which 


 LLELLELELLZANL LLL LLL 
E ee 


Scale Reading of Secondary Circuit Ammeter. 


60 70 80 90 100 


Per Cent. Coupling. 
Fic. 2. 


it will be seen that three current maxima were found. The first at 60 per 
cent. coupling was found to correspond with the case when the ratio of the 
second “ coupling wavelengths" was 2 to 1; the second at 80 per cent. 
coupling corresponds to a wavelength ratio of 3 to 1 and the third at 92 per 
cent. with a ratio of 5 101. That is to say when the ratio of the two resultant 
frequencies is an integer the secondary current reaches a maximum value. 
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It is concluded from the experiments that electrostatic coupling should be 
given a place in practical radio work, firstly because a high percentage 
coupling can be easily obtained and secondly because when such close 
coupling is used there is practically only one wavelength in the circuit. 
A useful application of electrostatic coupling that is mentioned in the paper 
is that of transmitting on a short wave harmonic on a large aerial without 
unduly reducing the radiated energy. 


95. ТМРЕОУЕМЕНТ IN Precision МЕАЗОКЕМЕНТ АТ Rapio 
Frequencies. J. H. Dellinger. (Physical Review, 14, 
pp. 181—183, August, 1919, Abstract of Paper read before 
the American Physical Society.) 


This paper briefly reviews, without great detail, the wartime work of 
the Bureau of Standards on various methods of high frequency measurements. 


96. Нісн Frequency MAGNETISATION—THE OLD AND THE NEw 
Point or View. H. Fassbender. (fabrbuch der Drabt- 
losen Telegraphie, 14, pp. 222—243, August, 1919.) 

After reviewing earlier work dealing with the well-known fact that at high 
frequencies iron appears to have a very low permeability, the author states 
that the mistaken idea that this is due to molecular inertia or viscosity is not 
altogether extinct, although magnetic skin effect was investigated by 
Heaviside in 1892, and by J. J. Thomson in 1893. Fassbender and Hupka 
have made a number of tests of sheet-iron rings magnetised with high fre- 
quency current, and magnetisation curves obtained with a cathode ray 
oscillograph are reproduced. Owing to eddy currents in the iron neither 
H nor B are uniform throughout the iron and the B—H curves obtained 
are meaningless. The author calculates the effective values of H and B 
throughout the iron in several cases and finds agreement with experimental 
results. Some of Alexanderson’s results at f — 200,000 ~ are reproduced 
and reference is made to recent work by Kühn, Osnos, McLachlan and 
Arkadieff. At radio frequencies there is no appreciable decrease in the 
actual permeability of iron, any apparent decrease being due to the demag- 
netising effect of eddy currents. At considerably higher frequencies, however, 
the author believes that there is evidence of a considerable decrease. 


97. ACTIVITIES OF THE REICHSANSTALT DURING 1018. (Elektro- 
technische Zeitschrift, 40, p. 498, October, 1919.) 

The only reference to radiotelegraphy is in connection with the introduction 
of new standards of wavelength due to the greater accuracy demanded 
since the introduction of thermionic generators. The basis consists of a 
number of oscillating circuits with fixed inductance and capacity; from 
the measured inductance and capacity the wavelength is calculated. These 
together with the harmonics give fixed points on other wave meters with 
variable condensers. 


190 THE RADIO REVIEW Vor. I. 


08. Means ror DETECTING SMALL ELECTRIC Currents. |. 5. Е. 
Townsend. (British Patent 130429, February, 1018. 
Patent accepted, August 7th, 1919.) 

An incandescent lamp used as a current indicator for a wave meter is 
rendered more sensitive to small currents by priming with a small direct 
current, so as to bring the lamp nearly to the point where incandescence 
commences. 


99. An ARRANGEMENT FOR SETTING UP OSCILLATIONS OF SINGLE 
FREQUENCY ONLY. E. 


Bellini. (French Patent 


493249, January, 1916. 
Published August 2nd, 
1919.) 

A number of arrangements are 
described for the use of a combined 
electric and magnetic coupling 
between two circuits. One of 
these circuits may be the trans- 
mitting or receiving aerial circuit. 
It is claimed that oscillations of 
a single frequency only may be set 
up by this means. One arrange- 
ment for transmitting is indicated 
in Fig. 3. An analogous arrange- 
ment may be used for receiving. 
Fic. 3. See also Каро Review, Abstract 
No. 22.* | 


2 
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100. ELECTRODYNAMIC AMMETER ков ALL Frequencies. Com- 
pagnie Générale de Radiotélégraphie. (French Patent 
493297, March, 1916. Published August sth, 1919.) 


IOI. THERMAL ARRANGEMENT FOR THE AccURATE MEASUREMENT 
оғ CunnzNTS or Нісн ов Low Е REQUENCY. D. du Rousset. 
(F е Patent 493456, J uly, 1916. Published August 9th, 
1919. 


A special construction of thermal ammeter. 


102. THE Inpucrance or SINGLE LAYER RECTANGULAR Corrs. 
G. W. O. Howe. (Radio Review, 1, pp. 124—126, Decem- 
ber, 1919.) 


* . " * è 
Some experimental investigations of these circuits are described іп Варо REVIEW 
Abstract No. 94. : 
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103. SIMPLIFIED [NDUCTANCE CALCULATIONS WITH SPECIAL 
REFERENCE TO Tuck Corts. Р. R. Coursey. (Wireless 
World, 7, pp. 380—385, October, 1919.) 

Abstract of paper read before the Physical Society of London, giving 
an extension of Nagaoka's formula for single layer solenoids in the form of 

a set of curves applicable to thick and multilayer coils. 


104. A NOTE oN THE COMPARISON OF INDUCTANCE, OR OF AN 
INDUCTANCE AND А CAPACITY, BY AN ELECTROMETER 
Метнор. A. W. Smith. (Physical Review, 14, pp. 356— 
360, October, 1919.) 

This method makes use of an electrometer whose quadrants are connected 
across a condenser in series with the inductance to be measured and whose 
needle is joined to the centre point of a high non-inductive resistance shunting 
the condenser and inductance. It is shown that the deflection of the electro- 
meter is proportional to the inductance, to the square of the current and 
inversely proportional to the capacity. Experimental verification of these 
relations is given. The method is most sensitive when working near the 
resonant frequency of the capacity-inductance circuit, but the results are 
independent of the frequency and wave form of the A.C. supply. The results 
were found to be in agreement with measurements on an A.C. bridge. 


105. A Нісн Erricitency І KW. TmANsMiTTER. (Everyday 

Engineering Magazine, 7, pp. 360—362, September, 1919.) 

This paper describes a new quenched gap set constructed by the Inter- 

national Radio Telegraph Company. Views of the instruments are given. 
The efficiency measured on an 8-ohm aerial is 51:2 per cent. 


106. RADIOTELEGRAPHIC AND TELEPHONIC STATIONS. Т. С. Simp- 
son. (Frencb Patent 492850, December, 1916. Published 
July 19th, 1919.) 

The claims cover a transmitting apparatus for radio communication com- 
prising an oscillating circuit, an aerial and earth connection, and a charging 
circuit for the spark gap, the connections of which are made at nodal points 
in the oscillating circuits. Alternatively the connections may be made 
near the nodal points so that the oscillating currents have a small tendency 
to traverse the spark gap. 


107. IMPROVEMENTS IN HIGH-FREQUENCY OSCILLATION GENERA- 
tors. V. Bouchardon. (French Patent 493222, November, 
1918. Published August 2nd, 1919.) 

The object of the invention is to combine the advantages of C.W. trans- 
mission with those of spark systems. It consists in the use of the same 
generating apparatus for feeding the two transmitting arrangements using 
sparks or three-electrode valves. A polyphase supply may be employed 
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with the same number of valves as phases. The change from damped to 
C.W. transmission can be effected rapidly by suitable switches. 


108. PRopuciNc ExecrricOscittations. J. Bethenod. (British 
Patent 126019, November, 1915.) 

Electric oscillations are produced by means of a vacuum tube having a 
cathode, two anodes, and two auxiliary plate electrodes for oscillating the 
cathode-ray beam from one anode to the other by means of an alternating 
electrostatic field. The alternating electric field is produced by the action 
of the tube itself, and is derived from a secondary circuit coupled with the 
discharge circuits through the two anodes. The frequency of the oscillations 
is determined by the natural oscillation frequency of this secondary circuit. 


109. SPARK САР ron Нісн Frequency. Compagnie Générale de 
Radiotélégraphie. (French Patent 493336, March, 1916. 
Published August 6th, 1919.) 


A rotary spark gap arrangement. 


110. LowewsTEIN'S QuencHED Gap. (Wireless Age, 6, p. 19, 
September, 1919.) 
An illustrated description of a quenched gap due to F. Lowenstein, of 
which each unit takes the form of two concentric metallic cylinders. The 
spark gap is between the inner and outer cylindrical surfaces. 


III. IMPROVEMENTS IN RADIOTELEGRAPHIC Apparatus. L. M. 
Cockaday. (French Patent 493433, November, 1018. 
Published August 8th, 1919. Wireless Age, 7, p. 31, 
October, 1919.) 

The arrangement consists of a transformer with its primary connected to 

a supply circuit (preferably D.C.) through a make-and-break contact. The 

spark gap fed from the secondary of this transformer is preferably mechani- 

cally coupled to the make-and-break. 


112. Low PorENTiAL Rapio Frequency Arc. С. №. Noller. 
(Radio Amateur News, 1, pp. 70—71, August, 1919.) 

A special arc apparatus for low power short wave work and suitable for 
use on a 110-volt supply circuit. The arc consists of two tungsten electrodes 
operating in a liquid consisting of alcohol or petrol, mixed with a 10 per cent. 
solution (by volume) of ammonia. Two or more shunt oscillation circuits 
are connected across the arc tuned to lower frequency harmonics of the 
required oscillation frequency. Wavelengths down to 100 metres with a 
power of 80 watts upwards are possible. Great steadiness is claimed. The 
complete arc is mounted in a metal container with cooling flanges, and the 
normal p.d. between the electrodes is 55 volts when operating in a 110-volt 
circuit. Overall efficiency to aerial circuit — 24 per cent. 
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113. A NEW STRIKING ARRANGEMENT FoR Arc OSCILLATION 
Generators. D. du Rousset. (French Paient 493366, 
March, 1916. Published August 7th, 1919.) 


114. Tug DEvELopMENT or Arc Каро Transmitters. A. L. 
Anderson and H. Е. Elliott. (Electrical World, 74, pp. 452 
—456, August, 1919.) 

A general description is given of the types of arc apparatus manufactured 
by the Federal Telegraph Co., with illustrations of a 5-kw. and a 200-kw. arc. 
The usual sizes that are manufactured are 5, 20, 30, 60, 100, 200, 350, 500, 
and 1,000 kw., the rating being reckoned on the D.C. input. The efficiencies 
of these sets range between 33 рег cent. and 50 per cent. For ship work 
sizes up to 30 kw. are customarily used with wavelengths between 1,000 and 
5,000 metres; while the larger sizes are reserved for large land stations, 
working on wavelengths of 2,000 to 15,000 metres. The arcs are joined 
directly in the aerial circuit, and are usually fed with direct current at 500 
to 600 volts. The requisite strength of the magnetic field is a function of 
the power, frequency and nature of gaseous atmosphere surrounding the arc, 
and it is stated that definite mathematical “ design ” relations exist between 
these factors although they are not given in the article. With the smaller 
arcs («C100 kw.) open magnetic circuits are used, but for the largest sizes 
closed cores are employed to obtain the necessary magnetic field strength. 
For the smaller arcs alcohol is usually employed to provide the hydrocarbon 
atmosphere; but in the larger sizes and to obtain considerable power on 
short wavelengths kerosene is used. This material increases the aerial 
current when the magnetic field is weak, but is apt to give a deposit of soot 
in the arc chamber. Coal gas is preferable. 

Three types of signalling arrangements are described. (1) the compensa- 
tion method, in which the signalling key short-circuits a few turns of the 
aerial inductance ; (2) the coupled compensation method, in which the key 
short-circuits a small loop coupled to the aerial inductance; and (3) the 
ignition key signalling system, in which the arc is mechanically short- 
circuited through a resistance between the signalling periods. The second 
method is the most preferable; with small powers (5 kw.) one loop and short 
circuiting key is used, for larger sizes several loops are employed, each fitted 
with an electro-magnetically operated short circuiting key. For a 100-kw. 
arc twelve such loops and keys are required. The third method is only 
suitable for very small power units. 


115. Авс Lamp For THE PRopucrioN or ELECTRICAL OSCILLA- 
tions. L. Mauclaire, A. Garbarini, G. Gautier. (French 
Patent 493769, December, 1916. Published August 2151, 
1919. 

In Pp in of arc described a central electrode of carbon or 
other good conducting material is surrounded by a hollow metallic ring form- 
ing the second electrode through which a cooling liquid is circulated. 

Q 
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116. Rectiryinc Нісн-ГемѕІом ALTERNATING CuRRENTs. 9. 
Cohen. (Electrical World, 74, pp. 573—575, September, 
1919.) 

A practical application of the rectifying properties of a point-plate spark 
gap for obtaining high-tension direct current. Best results with Copper- 
Aluminium or Iron-Aluminium electrodes, with a jet of gas through the centre 
of the copper or iron electrode. The effect of various gases on efficiency is 
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shown in Fig. 4. The use of a rotating disc for the aluminium-electrode 
increases the stability. 


117. THE GENERATION or Hicu-TEension Direct Current. М. 
Schenkel. (Hlektrotechnische Zeitschrift, 40, рр. 333—334, 

July, 1919 ; also German Patent 310356.) 
A special arrangement of cascaded valve rectifiers is described for obtaining 
H.T. direct current from an A.C. supply. The arrangement is sketched in 
Fig. 5. The first valve V, rectifies the A.C. supply and charges up the 
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condenser C, to approximately 1-4 E volts D.C. In the reverse half-cycle 
when no current passes through the valve, the supply voltage В is added 
to the voltage of condenser C, across the valve terminals. This voltage is 
applied to valve V, and condenser C, so that the latter is charged to a voltage 
of 2:8 Е, and so on for the other valves. With five valves as shown the 
D.C. voltage between T,T, becomes 70 Е. Тһе maximum voltage 
obtainable in this manner is limited solely by the insulation of the system. 
The capacity of the condensers must be proportioned to the working voltage 
of each and to the output current to be obtained from the system. 


II8. ARRANGEMENTS FOR RECTIFYING ALTERNATING CURRENTS 
BY MEANS oF VALVES. M. Latour. (French Patent 493662, 
August, 1917. Published August 19th, 1919.) 

This refers to the use of A.C. for heating the filaments of rectifying 

valves. (See also Abstract No. 119.) 


119. RECTIFYING ALTERNATING CurRENTS. M. Latour. (British 
Patent 131697, August, 1917. Patent accepted, Septem- 
ber 4th, 1919.) 

l For rectifying an A.C. supply the secondary winding L, of transformer T 

is connected to two valves V, V, in opposite directions, condensers C, С, 
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being included іп the circuits as shown. The valve filaments are heated 
by auxiliary winding L} L, оп the same transformer. The D.C. circuit is 
joined to T, T, so that the D.C. supply is drawn from the two condensers 
C, C, in series. 

Q2 
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120. Propucine Ет.ксткіс Oscittations. С. Bethenod. (British 
Patent 130614. July, 1918.) 

An addition to British Patent 128575 (Rapio Review Abstract No. 23) 
providing for: the connection of the secondaries of the separate coupling 
transformers in. parallel or in series-parallel instead of in series, the connection 
of all the alternator windings and transformer primaries in a simple series 
circuit, and the earthing of the mid-points of the alternator windings and 
transformer primaries. 


121. IMPROVEMENTS IN RADIO SIGNALLING Systems. L. de Forest. 
(British Patent 131361, June, 1917. Patent accepted, 
‘ August 28th, 1919.) 


An arrangement of 3-electrode valve for transmission, as indicated in 


A 
С) - 
С 
L а> Ys 
= 6 С > OL, 
С v [X X5 
HT. ! C, 
ШІ "^ 
C; 
SE 
Fic. 7. 


Fig. 7. The signalling arrangement is joined in series with the grid-circuit 
resistance R. 


122. ARRANGEMENTS FOR RADIOTELEGRAPHIC AND RADIOTELE- 
PHONIC TRANSMITTERS USING HIGH-FREQUENCY AwPrr- 
FIERS. Société Française Radioélectrique. (French Patent 
493821, August, 1916. Published August 22nd, 1919.) 

An arrangement of transmitter in which the oscillations are generated 
either in one or in a group of three-electrode valves and subsequently amplified 
by additional valve amplifiers before connection to the transmitting aerial. 
Transformers or other couplings may be used between the valves. Provision 
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is made for the use of the same set of valves for either transmission or recep- 
tion purposes by means of a suitable switch for effecting the necessary 
changes of connection. 


123. A RELAY ARRANGEMENT FOR INDICATING THE FAILURE OF 
Vacuum Tuse Firaments. M. Latour. (French Patent 
493204, October, 1917. Published July 29th, 1919.) 

A differential relay is used of which one winding is connected in series 
with the valve filament and the other with a shunt circuit connected across 
the supply battery. 


124. AN ARRANGEMENT FOR THE UsE or Two or more Oscir- 
LATION GENERATORS FOR Омралмрер Waves. D. du 
Rousset. (French Patent 493458, July, 1916. Published 
August 9th, 1919.) 

125. Tue PrrorRoN Озѕспілтовн №. C. White. (Electrical 
Experimenter, 7, p. 232, July, 1919.) 

Describes two uses of the pliotron oscillator. (1) For the production of 


relatively large current, and (2) the production of relatively large voltage, 
the energy involved in each case being of the order of 150 watts or less. 


126. * Hzrro, ЕскорЕ!”--міА Rapio. C. M. Ripley. (Electrical 
Experimenter, 7, p. 210, July, 1919.) 


A detailed description of the New Brunswick, N.J., wireless station. 


127. IMPROVEMENTS RELATING TO Епксткон ПізснаксЕ Devices. 
The General Electric Co., U.S.A. (British Patent 130400, 
February, 1918. Patent accepted, August 7th, 1919.) 

In a high-vacuum tube acting as а“ negative resistance,” the stream of 
electrons is subjected to a magnetic field, so as to vary the number impinging 
on the third electrode. The magnetic field is provided by a coil surrounding 
the tube and coaxial with the filament. Varying currents passed through 
this coil are amplified by the device. The tube may serve as a radiotelephone 
transmitter, by employing its “ negative resistance " to set up oscillations 
in the usual manner, and modulating these by speech cürrents passed through 
the outer coil. 


122. IMPROVEMENTS RELATING TO WIRELESS SIGNALLING SYSTEMS. 
The General Electric Co., U.S.A. (British Patent 130369, 
February, 1918. Patent accepted, August 7th, 1919.) 

A wireless transmitting apparatus employing modulated continuous waves 
has the aerial tuned to a frequency equal to the sum or difference of the wave 
frequency and the modulating or amplitude pulsation frequency, and the 
circuit of the source of oscillations tuned to the frequency of the source. 
When several modulating frequencies are employed (see Каро Review 
Abstract No. 30) the aerial is tuned to the wave frequency plus the highest 
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modulating frequency. For speech currents the aerial is tuned to the wave 
frequency plus the mean speech frequency (800 to 1,000~). 


129. IMPROVEMENTS RELATING TO HicH-FREqUENCY ELECTRIC 
INsTALLATIONS. С. A. Beauvais. (British Patent 131018, 
March, 1918. Patent accepted, August 21st, 1919.) 

In a system for producing electric oscillations using a three-electrode valve, 

a resistance shunted by a condenser is placed in the grid circuit of the valve, 

and the potential at 

the terminals of the 
resistance is varied 

by the action of a 

microphone or by 

an independent os- 
cillating circuit. The 
modulations pro- 
duced by the micro- 
phone may be first 
amplified by an 
additional valve 
before they are 
Fic. 8. applied to control 

the p.d. on the grid 

circuit resistance of the oscillating valve. One arrangement is shown in Fig. 8. 

V is the oscillation valve and R the resistance in its grid circuit. K represents 

the amplifier between the microphone M and the resistance R. С, C, are 

с blocking condensers. In alter- 
п аи а native arrangements (ће resis- 
tance R is replaced by the 


“ internal - resistance? of a 


ШІП 444 second valve, V,, Fig.9, 
‚У, Fig. 9, upon 
РМ АВ M the grid of which a 
m phone modulations are im- 
f 8 pressed. This second valve (V) 
is shunted by the condenser C,, 
9000 ІҢ-- just as the resistance К (Fig. 8) 
У is similarly shunted. Addi- 
tional intermediate valve 
МА I amplifiers may also be used. 
For telegraphic purposes this 


second “ control? valve may 
be arranged to generate oscillations of musical frequency. 


Fic. 9. 


130. Continuous CURRENT MACHINES SPECIALLY APPLICABLE TO 
WirELEss TELEPHONY. J. Bethenod. (French Patent 
493492, August, 1916. Published August gth, 1919.) 


e 
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131. A new MODULATION ARRANGEMENT FOR WIRELESS TELE- 
PHONY. D. du Rousset. (French Patent 493457, July, 
1016. Published August oth, 1919.) 

For the modulation of the transmitting antenna current a number of 
separate microphones are employed each connected to a small loop coupled 
to the aerial circuit. The microphones are all arranged to be influenced by 
a common mouthpiece. 


132. IMPROVEMENTS RELATING TO RADIOTELEPHONE TRANS- 
MISSION SvsTEMs. General Electric Company (U.5.A.). 
(British Patent 131553, March, 1019. Patent accepted, 
August 28th, 1919.) 

A radiotelephone transmitter is described for which the oscillatory energy 
is generated in a single valve V,, Fig. 10, and thence passes through three 


Fic. 10. 


amplifying valves in parallel V, V4 У, before coupling to the aerial. Modula- 
tions from the microphone M are amplified by the valve V, and impressed. 
upon the grid circuit of the modulating valve Vg. The plate circuit of this 
valve is connected to the secondary of the transformer serving also to 
couple the oscillation valve with the main amplifiers. Circuit L C is tuned 
to the oscillation frequency of Vi. The resistance R between the secondary 
of T, and the amplifying valves V, V4 V, serves to prevent these amplifiers 
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setting up sustained oscillations. The choke coils а L, L} L, L; are to 
prevent the passage of high-frequency currents into the low-frequency 
circuits. They are adjusted so that their natural frequencies are as nearly 
as possible the same as the high-frequency oscillations, so that they offer 
increased impedence to the passage of the currents of this frequency. 


133. DEVELOPMENTS IN WIRELESS TELEPHONY. Е. В. Jewett. 
(Radio Amateur News, 1, p. 71, August, 1919.) 


A general article summarising recent progress. 


134. Recent Procress iw  RaprorELEPHONY. С. Schmitt. 
(L Electricien, 49, pp. 187—188, October, 1918.) 
A short article reviewing the various types of transmitters available for 
radiotelephony, including the various arrangements of spark gaps suitable 
for very high frequencies. 


135. TRANSATLANTIC МЛВЕТЕЗ TreLepHony. J. A. Fleming. 
(Electrician, 83, p. 463, October, 1919, Abstract. Wireless 
World, т, pp. 499—501.) 


Report of a lecture describing recent achievements. 


136. A Review or RaprorELEPHONY. (Electrical Experimenter, 
7» P- 326, August, 1919.) 
A very brief historical account of radiotelephonic development. Diagrams 
are given of a U.S. battleship set and а U.S. signal corps set. 


137. IMPROVEMENTS RELATING TO AuDION AMPLIFYING APPARA- 
TUS. M. Latour. (British Patent 131362, October, 1917. 
Patent accepted, August 28th, 1919.) 

In a cascade amplifier using three-electrode valves—particularly for 

. radiotelephone transmission purposes, for amplifying the speech currents— 
each successive stage either has larger valves or has a greater number of 
valves in parallel. Higher anode voltages may also be used on successive 
stages. It 15 recommended that the microphone should be connected in one 
arm of a balanced bridge, across one diagonal of which the H.F. source is 
joined, while across the other diagonal a transformer is connected for coupling 
to the input grid circuit of the above cascade amplifier. 


138. WIRELESS TELEPHONY OVER 140 Kitometres. (Elektro- 
technische Zeitschrift, 40, p. 512, October, 1919.) 
The Telefunken Company report that telephonic communication was main- 
tained between a station in Nuremberg and an airship up to a distance 
of 140 km. 


139. THE Auto RapiopHone. А. H. Grebe. (Radio Amateur 
News, 1, pp. 58—59, August, 1919.) 

Radiotelephone apparatus used on a motor car, which carries its own aerial 

structure enabling the set to be used while in motion. 
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140. IMPROVEMENTS RELATING TO ELECTROMAGNETIC Wave Sic- 
NALLING bYsTEMs. N. Lea. (British Patent 130520, 
November, 1918. Patent accepted, August 7th, 1919.) 

The proposed ar- 


rangement for a wire- 15 
less telephone trans- | 
mitter is indicated in ү 000000 


Fig.11. The potential 
on the grid leak R of 
the oscillating valve 
Vis used to determine 
the mean grid poten- 
tial of the control valve 
V,. Transformer Т is 
used to apply the 
modulating potential 


= 
N 
q 
ee: ~- СЕРКЕ 
є 


to the grid circuit of У, T 
from a transmitting шы 
microphone or other 

control circuit. Жез 


141. COPPER CONDUCTORS FoR LAMPS AND OTHER Vacuum TUBES. 
Société Nihon Denki Kogyo Kabushiki Kaischa. (French 
Patent 492967, November, 1918. Published July, 1919.) 


A thin tube of copper is sealed through the glass for connection purposes. 


142. Tue Dzsicw, Pumpinc AND TEstTinc or Аопгон TUBEs. 
C. Murray. (Electrical Experimenter, 7, p. 235, July, 1919.) 


143. IMPROVEMENTS IN THE CONSTRUCTION oF Vacuum TUBES. 
Société Francaise Radioélectrique. (french Patent 493258, 
February, 1916. Published August 5th, 1919.) | 

The invention consists in placing the tube during exhaustion in a high- 
frequency alternating magnetic field so that the lines of magnetic force are 
as nearly as possible perpendicular to the surface of the electrodes. In 
this manner the electrodes behave as short-circuited secondaries to the coil 
producing the magnetic field, so that they are rapidly heated by the currents 
induced in them. 


144. THEORY AND PRACTICAL ATTAINMENTS IN THE DESIGN AND 
Use or Кагіо Direcrion-Finpinc APPARATUS USING 
Стоѕер Соп, Antenna. А. 5. Blatterman. (Journal of 
the Franklin Institute, 188, pp. 289—36°, September, 1919.) 

A very comprehensive paper of seventy-three pages, recording a large 
amount of experimental work and discussion of results. The points investi- 
gated are :— 
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(1) Best size of loop and number of turns for given wavelength. 
(2) Effect of spacing the turns. 

(3) Effect of size and kind of wire. 

(4) Effect of insulation. 

(5) Best size of tuning condenser. А 

(6) Effect of walls of building. 

(7) Effect of dead turns on coil. 


The voltage across the tuning condenser, 7.7, the voltage acting on the 
detector, is inversely proportional to the effective resistance of the coil, other 
things being equal; therefore this resistance was determined in all cases by 
exciting the loop circuit which included a thermo-galvanometer from an 
undamped tuned circuit and inserting known resistances. From the 
effective resistance R the “reception factor? NAL/A?R was calculated ; 
N = turns, A = area, L = inductance, A = wavelength. Both R and the 
reception factor are plotted against the wavelength for a great number of 
coils from 3 feet 6 inches up to 15 feet square, from 5 to 80 turns, and from 
2 inch up to 14 inch spacing. There is a value of 1 for which the reception 
factor is a maximum ; for shorter wavelengths R increases so rapidly that 
A?R increases. Curves and tables are given from which one can decide upon 
the best design for any given wavelength. Я 

The second part of the paper is devoted to the directional characteristics 
of the loops. The deviation of the polar curve from the simple double circle 
is due to :— 


(1) the displacement current effect, 
(2) the antenna effect, and 
(3) the shape effect. 


(1) Owing to displacement currents from turn to turn there is a P.D. 
across the tuning condenser when the plane of the coil is normal to the 
signalling direction. The polar curve therefore has no zero value but 
merely two minimum points. 

(2) The whole coil acts like an antenna, and, owing to one side having a 
lower capacity to earth than the other, ve;2 the filament battery and the 
operator’s body, a P.D. is produced across the tuning condenser. Since this 
effect is unaffected by rotating the coil, it makes the two loops unsymmetrical 
and enables the operator to decide not only the line but the point of the 
compass from which the signal is coming. 

(3) The so-called shape effect is merely the effect of the shape of the coil 
on the antenna effect. 


For accurate work these various effects should be kept as small as possible. 
Pancake type coils have never such a sharp minimum as coils of the solenoid 
type. The results were checked by a number of experiments in the field. 
Beneficial results were obtained by arranging wires above the coil and using 
them as an earthed electrostatic shield. This improved the sharpness and 
symmetry without noticeably diminishing the strength of the signals. This 
is unnecessary if the loop and apparatus are raised 15 or 20 feet above the 
ground. The grounded shield reduced certain kinds of atmospherics. 
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In conclusion it is mentioned that in their seven-bulb amplifiers the U.S. 
Signal Corps use iron-core intervalve transformers even in the radio frequency 
stages, the iron is stated to be о0:0015 inch thick. 


145. IMPROVEMENTS IN RECEIVING ARRANGEMENTS FOR WIRELESS 
Direction Finpince. Société Française Radioélectrique. 
(French Patent 493453, July, 1916. Published August gth, 
1919.) 

Improvements in receiving arrangements for wireless direction finding 
comprise the use of a rectangular aerial with perpendicular diagonals which 
can be turned around a vertical diagonal. The turns of wire in this loop 
aerial are arranged parallel to one another and at least 2 cm. apart. It is 
recommended that all the apparatus as well as the operator should be very 
carefully insulated from one another and from the ground and that their 
relative positions should remain unchanged during a measurement. 


146. IMPROVEMENTS IN REFLECTORS ім WIRELESS TELEGRAPHY 
AND TELEPHONY. C. 5. Franklin and Marconi’s Wireless 
Telegraph Company. (British Patent 128665, August, 
1917. Patent accepted July 3rd, 1919.) 

Electromagnetic waves are transmitted in, or received from, a desired 
direction, by parabolic reflectors comprising two or more sets of rods, strips, 
or wires arranged on the parabolic surface around the aerial as focus, each 
rod being tuned to the aerial. The focal distance is preferably one-quarter 
of the wavelength. The length of each rod is preferably about a half wave- 
length, but may be greater or less if a condenser or inductance is inserted. 
For short waves, no earth connections are necessary ; but for long waves the 
aerial and lower rods of the reflector are preferably earthed. 


147. Direction Finpinc By WiretEss TELEGRAPHY. Н. К. 
Sankey. (Electrical Review, 85, pp. 509—512, 539—540, 
October, 1919. Engineer, 128, pp. 388—391.) 

An abstract of a lecture delivered at the Shipping and Engineering Exhibi- 
tion, Olympia, dealing in a general manner with D.F. apparatus, with 
illustrations of recent Marconi-Bellini-Tosi apparatus. A map of D.F. 
stations open for public service in the British Isles is given. 


148. APPARATUS FOR THE CoNCENTRATION OF ELECTRIC WAVES 
IN A SINGLE DIRECTION ок UPON А Ғіхер Point. L. Кота 
and E. Binetti. (British Patent 131392, June, 1918. 
Patent accepted, August 28th, 1919.) 
An addition to British patent 128624,* describing certain constructional 
details relative to the inner and outer cylinders referred to in that 
specification. 


* Rapio Review Abstract No. 42. 
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149. SHoRT Wave RECEPTION AND TRANSMISSION ON GROUND 
Wings (SUBTERRANEAN AND SUBMARINE). А. H. 


Taylor. (Proceedings of the Institute of Radio Engineers, 
7, рр. 337—362, August, 1919.) 

This paper gives an historical review of the work of the U.S. Navy Research 
Department on the possibility of effective long distance reception with 
underground aerials. The most important property of these aerials demon- 
strated in the course of these experiments is the much greater ratio of signal 
strength to X-strength than is obtained with ordinary elevated aerials. 
These aerial systems were found to be markedly directional towards waves 
travelling in line with the length of the wires. The best length of wire was 
found to be independent of the direction from which signals impinged on the 
recelving station, and independent of the nature of the surrounding soil 
providing that itis reasonably damp. The best length also depends inversely 
upon the capacity per unit length of the wire used. Wire lengths from 
100 10 2,000 feet were experimented with. The importance of very good 
insulation of the wires is particularly emphasised as tending to eliminate 
atmospheric interference. To such an extent is this the case that with very 
good insulation it has been found quite practicable to receive through strong 
local thunder storms. Reception 1s found to be enormously superior when 
the wires are buried in fresh water or wet soil than when suspended above the 
ground. Reception on these buried wires was found to follow the same law 
of diurnal and seasonal variation as is found on ordinary aerials. Signal 
strength fell off very rapidly after immersion of the wires in salt water, but 
in fresh water on long wavelengths no measurable decrease in signal strength 
was found down to a depth of бо feet. Earthing of the wires at the outer 
ends reduced the signal strength by approximately 50 per cent. Continuous 
wave transmission from these aerials over а range of thirty-six miles was 
found possible using only 0:8 of an ampere in the buried aerial. 


150. ImpRovEMENTS IN WIRELESS SIGNALLING SYsTEMS. J. Н. 
Rogers, H. H. Lyon, F. S. Hill. (French Patent 493539 
and 493540, November, 1017. Published August 12th, 
1919.) 

This relates to low horizontal “ earth ? antennz placed either close to or 
just below the surface of the earth or water. 


151. боме MopznN Vacuum Тове CIRCUITS AND THEIR OPERA- 
TION. J. Scott-Taggart. (Wireless Age, т, рр. 25—27, 
October, 1919.) 

The circuits described are :— 

(1) А“ standby ” and “ tuned " continuous wave receiver ; 

(2) A circuit for general reception ; 

(3) A highly-selective receiving circuit ; 

(4) À simple continuous-wave transmitter and wireless telephone. 
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For descriptions of (1) and (2) see Каро Review, І, pp. 181—183, and 
Abstract No. 170, January, 1920, respectively. 

(3) is a two-valve amplifier, each valve having regenerative coupling with 
each circuit tuned. 

(4) is a simple direct-coupled transmitter using a single valve, with anode 
and grid inductances in series in the aerial circuit. 


152. THE біх-Әткімс EINTHOVEN GALVANOMETER. (Engineering, 
108, p. 255, August, 1919.) 
An illustrated description. 


153. AMPLIFIER DETECTOR FoR WIRELESS TELEGRAPHY. L. N. 
Brillouin and G. A. Beauvais. (French Patent 493332, 
March, 1916. Published August 6th, 1919.) 

The leading features of this amplifier are: (1) that each valve simul- 
taneously acts as amplifier and detector; (2) that the amplification is inde- 
pendent of the wavelength since no resonance is involved ; (3) atmospherics 
and similar disturbances as well as extra strong signals are amplified less than 
weak signals. The circuits shown are those of an ordinary resistance-capacity 
coupled amplifier with a condenser in the grid circuit of the first valve. 


154. THe Epison EFFECT AND THE ÀvDION. (Telegraph and Tele- 
phone Age, p. 483, October, 1919.) 


Refers to early experiments on the Edison effect and on flame conductivity. 


155. Tue THEermionic Detector. Н. J. van der Bijl. (Popular 
Science Monthly, 95, pp. 132—140, October, 1919.) 


A popular account of the uses of the valve. 


156. AunioN-CnvysrAL RECEIVER FoR Destroyers. (Everyday 
Engineering Magazine, 8, pp. 40—42, October, 1919.) 

A description with illustrations of a receiver used on U.S. destroyers, 

adapted for reception of spark signals on a crystal, or on a single detecting 

(three-electrode) valve and provided with return-coupling for C.W. reception, 


157. BArrLEsHIP Type Recrrver. (Radio Amateur News, 1, 
рр. 56—57, August, 1919.) 
Illustrations and circuit diagrams of valve receiving apparatus. 
158. MULTIPLE Conicat Loose Courter. |. С. Merne. (Radio 
Amateur News, 1, pp. 67—68, August, 1919.) 
A receiving tuner with the primary and secondary on coaxial conical 
formers. 


159. How Rapio“ dics.” аке PHoToGRAPHED. (Electrical Experi- 
menter, 7, p. 231, July, 1919.) 


Describes an invention due to C. A. Hoxie, for the photographic reception 
and recording of wireless messages at 600-words per minute. 
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160. “В” BATTERIES For Vacuum Tunes. W. P. Schulte. 
(Everyday Engineering Magazine, 7, pp. 364—365, 
September, 1919.) 

Tests are described and curves given for the U.S. Navy type and Signal 

Corps type of H.T. batteries for use with valve receivers. 


161. THE Рковгкмв oF Vacuum Tuse Circuits. 1. M. Clement. 
(Everyday Engineering Magazine, 7, pp. 367—369, Septem- 
ber, 1919.) 
A continuation of the previous articles describing multi-valve amplifiers. 
Views of Western Electric Company’s instruments are given. 


162. IMPROVEMENTS RELATING To Aupions, Lame RELAYS, ок 
AMPLIFYING Apparatus. M. Latour. (British Patent 
129660, October, 1916. Patent accepted July 24th, 1919.) 

A further addition to Patent No. 127318, in which the receiving apparatus 
described in that patent is modified by first amplifying the received oscilla- 
tions by means of a series of three electrode vacuum tubes with their circuits 
coupled through transformers with iron cores, then rectifying the amplified 
oscillations by any known apparatus, and finally amplifying the resulting 
low frequency current by a second series of three electrode vacuum tubes. 


163. IMPROVEMENTS RELATING To Aupions, Lamp RELAYS, oR 
AMPLIFYING Apparatus. M. Latour. (British Patent 
129661, October, 1916. Patent accepted July 24th, 1919.) 

A further addition to Patent No. 127318. High frequency iron core 
transformers, employed in connection with vacuum tube amplifiers have 
the cross section of the iron in the parts of the core external to the coils 
greater than the cross section of the iron inside the coils, The coils described 
are wound in several layers with considerable spacing between the layers. 

The turns on each layer may further be spaced apart when necessary. This 


arrangement of the coils is adopted to reduce the electrostatic or capacity 
effects in the transformer windings. 


164. IMPROVEMENTS RELATING TO Aupions, Lamp RELAYS, oR 
AMPLIFYING Apparatus. M. Latour. (British Patent 
130103, April, 1916. Patent accepted July 31st, 1919.) 

Vacuum tube relay apparatus of the kind described in British Patent 

127318, comprising a series of valves for amplifying in successive stages, is 

provided with a common battery for supplying the plate filament circuits 

of the various tubes, and a separate common battery for heating the filaments. 

The currents to be amplified are supplied through an iron-cored transformer 

to the grid of the first valve. The plate circuit of this valve acts through 

the second transformer on to the grid of the second tube, and so on. The 


plate circuit of the last tube acts through a transformer on to the output 
circuit. 
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165. IMPROVEMENTS RELATING TO Aupions, Lamp RELAYS, OR 
Ampuiryinc Apparatus. M. Latour. (British Patent 
130012, November, 1916. Patent accepted July 215%, 
1919.) 

The receiving apparatus for wireless telegraphy and telephony comprises 
one or more three-electrode valves for high frequency amplification, a valve 
for rectifying or detecting the апр Шеф oscillations, and one or more 
additional valves for amplifying the resulting low frequency current. The 
plates of all the tubes are connected to a common high tension battery. The 
specification describes the use of iron core transformers for all stages, radio 
frequency as well as low frequency. — The grid circuit of the detecting valve 
includes a condenser shunted by a high resistance leak in the usual manner. 
The connection of a condenser between the grid and the filament of the last 
low frequency valve is claimed to reduce the tendency to arcing in the valve. 


166. IMPROVEMENTS RELATING TO AupnioNs, Lamp RELAYS, OR 
AMwPLIFYING Apparatus. M. Latour. (British Patent 
130022, December, 1916. Patent accepted July 31st, 
1919.) 

A further addition to British Patent 127318, dealing with a series of vacuum 
valve amplifiers connected in cascade with iron core inter-valve transformers. 
A tuned circuit is provided at each stage with the object of increasing the 
selectivity. The transformer cores are provided with air gaps, and the 
secondary of each inter-valve transformer is shunted by a condenser to give 
resonance to the desired frequency. The receiving aerial is not tuned to this 
frequency, so that oscillations set up therein by atmospherics are not rein- 
forced by the amplifiers. A similar arrangement may be used for low 
frequency amplification by tuning the transformer secondary circuits to the 
note frequency instead of to the radio frequency. 


167. A New IusrRUMENT ғов Propuction or UNDAMPED WAVES. 
(Everyday Engineering Magazine, 7, p. 366, September, 
1919.) 


An oscillating valve apparatus for 200 to 25,000 metres wavelength. 


168. Скүвтлі. Detectors. Société Française Radioélectrique. 
(French Patent 493454, July, 1916. Published August gth, 
1919.) 


16). IMPROVEMENTS IN RELAY AMPLIFIERS FOR RADIOTELE- 
GRAPHIC AND TELEPHONIC Reception. A. J. B. Tauleigne. 
(French Patent 493489, July, 1916. Published August 9th, 
1919.) | 


An electromagnetically operated microphonic relay magnifier. 
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170. А Non-Raviatinc WIRELESS RECEIVING CIRCUIT FOR THE 
REcEPTION or DAMPED AND UNDAMPED Waves. J. Scott- 
Taggart. (Electrical Review, 85, p. 614, November, 1919.) 

In the receiving arrangement described two three-electrode valves are 
used. The first of these serves merely as a high-frequency amplifier and the 
second as a detector (Fig. 12). A return coupling is provided between the 

anode circuit of the second valve and its grid circuit for use in C.W. 


5 
0000 


m 
4 


Fic. 12. 


reception. For reception of spark signals the tuned circuit С, L, is replaced 
Ьу aresistanceR,. When the arrangement is used for heterodyne reception 
only the valve V, should be oscillating while V, should prevent the return 
of oscillatory energy to the receiving aerial circuit A, E. 


171. RECEIVING APPARATUS FOR WIRELESS TELEPHONY. Société 
Frangaise Radioélectrique. (French Patent 493924, Feb- 
ruary, 1917. Published August 26th, 1919.) 

For the reception of speech in a wireless telephone installation a local 
source of oscillation is used as in the usual manner of heterodyne reception. 
In order to avoid disturbance of the speech by the beat frequency the wave- 
length of the local oscillations should be adjusted to coincide as nearly as 
possible with that of the incoming signals. Best results are obtained when 
the two wavelengths are exactly the same. 


172. RECEIVING ARRANGEMENT FoR WIRELESS TELEGRAPHY. 
Société Francaise Radioélectrique. (French Patent 493820, 
August, 1916. Published August 22nd, 1919.) 


A wireless receiving arrangement in which the coupling between the 
detector and aerial circuits is effected by means of an iron-cored transformer. 
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173. An AERIAL ARRANGEMENT FOR WIRELESS TELEGRAPHY AND 
TELEPHONY. М. Latour. (French Patent 493063, October, 
1010; published July 30th, 1919. British Patent 132101, 
October, 1917; published September rith, 1919.) 

The antenna current is divided between a number of earth plates by 
means of appropriate connections between these plates and the aerial circuit. 
The connections from the earth plates may be made to various points on the 
inductance in the aerial circuit or alternatively separate inductances may 
be joined in each earth lead. The object of the arrangement is to 
reduce the ohmic losses of the earth connection. 


174. Tur Distant CONTROL ок ELECTRICAL APPARATUS BY WIRE- 
LESS TELEGRAPHY. E. H. and K. A. Widegren. (French 
Patent 492928, December, 1916. Published July 25th, 
I9I9.) 

This control involves the continuous transmission of groups of electro- 
magnetic waves in which the ratio of the length of the various groups to 
the intervals between them is variable at will in order to produce different 
effects at the receiver. 


175. Hicu-FarQvENcY Совкемтв oN Wires. J.O. Mauborgne 
(Signal Corps, U.S.A.). (Journal Franklin Institute, 188, 
рр. 91—93, July, 1919. English Mechanic, 110, p. 26, 
August, 1919, Abstract. Post Office Electrical Engineers 
Journal, 12, pp. 153—155.) 

The application of standard radio apparatus to multiplex wire telephony 
has been necessitated by the large number of wireless sets ordered for war- 
time requirements that are now lying idle. Using apparatus designed for 
ground stations of aircraft type for communication with aeroplanes, successful 
speech over existing telephone lines has been secured over sixty miles, using 
an input high-frequency current to the line of 60 milliamperes at 600,000 — 
(500 m. wavelength). The normal “ radio” range of these sets was about 
ten miles. 


176. THE THREE-ELECTRODE VALVE AND Барто COMMUNICATIONS. 
(La Nature, 47, pp. 103—110, August, 1919.) 

A general well-illustrated account of the various uses of a three-electrode 
valve for radio work. The general principle of its mode of operation is given, 
leading up to its employment as a detector, oscillation generator, amplifier. 
heterodyne receiver—or wireless telephone transmitter. 


177. THE SPEED oF Execrriciry. А. E. Kennelly. (Wireless 
Age, 6, p. 11, August, 1919.) 
A general account of Maxwell’s theory, and dealing with the speeds of 
propagation of free electromagnetic waves, and of waves guided along wires 
or along the conducting surfaces of the earth or sea. 
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178. ON THE TRANSMISSION OF SPEECH By Licut. А. О. Ran- 
kine. (Proceedings of the Physical Society of London, 
31, pp. 242—268, August, 1919. Electrical Review, 85, 
p. 81, Abstract.) 

This paper describes a lengthy research carried out for the Admiralty 
Board of Invention and Research. It deals chiefly with the modulation of 
a fixed beam of light in accordance with the sound or speech waves to be 
transmitted. The transmitter specially developed in this research consists 
in principle of two parallel grids through which the light is passed. Between 
the two grids the beam is reflected at a small mirror mechanically connected 
to the transmitting diaphragm. Іп this manner the image of the first grid 
is moved over the second so that more or less light is emitted from the second 
grid in accordance with the speech form. The grids were 7 inches diameter 
and the bars and spaces each +5 inch wide. A selenium receiver was used, 
and a speaking range of 14 miles has been secured. The articulation is 
particularly good. 

In the discussion on the paper other methods of modulation were dealt 
with, together with some considerations of the efficiency of the method. 


179. On THE Озв or THE TRIODE VALVE IN MAINTAINING THE 
VIBRATION OF А Томс Fork. W. Н. Eccles. (Pro- 
ceedings of the Physical Society of London, 31, p. 269, 
August, 1919.) 


2. Review of Books. 


А GUIDE To THE Srupv oF THE logic VALvE, showing its 
development and application to Wireless Telegraphy and 
Telephony. Ву W. D. Owen, A.M.I.E.E. (London: 
Sir Isaac Pitman & Sons, Lid. Рр.уц. + 59. Price 25.64. 
net. l Е 

This little P is a series of brief notes upon the various aspects of the 

valve, and upon the various uses to which the valve may be put, and is 
admitted to be such by the author who states in the Preface that they 
* were originally compiled for the guidance of a little circle of enthusiasts 
whose interest in the ionic valve was stimulated by repeated references in 
the technical Press to its numerous applications and wonderful achieve- 
ments.” To any one unacquainted with wireless work, but engaged in other 
branches of electrical or physical science and therefore familiar with ordinary 
electrical nomenclature this booklet may appeal, but to the true seeker after 
knowledge of valve work its scope is too limited and the treatment far too 
brief. In short its function is to state simply what a valve is and what it 
can do rather than to contribute new matter to the knowledge of the subject 
—as an instance, the whole fields of ** Continuous Wave Telegraphy ” and of 
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“ Reception of Continuous Waves,” are discussed in two “ chapters ” of about 
175 words each. The title of the booklet appears to be rather too ambitious 
and comprehensive. 

A few criticisms may be made against the clarity of some of the statements 
—for example on pp. 3, 19, 30, 35 and 38, but otherwise the treatment is 
clear, and a useful feature is a number of references to fuller literature on 


the subject. 
P. R. C. 


ALTERNATING CuRRENT Worx: An Outline for Students of 
Wireless Telegraphy. By A. Shore, A.M.LE.E. (London: 
The Wireless Press, Lid. Рр. ix. + 163. Price 35. 6d. net.) 


Correspondence. 
THE OSCILLATING TRIODE. 
То тне Егітов, THe “ Варо Review.” 


S18, —Mr. R. С. Clinker in his letter to you of the ist inst. does not call 
into question the truth of the expression I used, but merely prefers to throw 
it into a slightly different form. 

There are of course two ways of regarding the amplification produced by 
a valve—from either the standpoint of E.M.F. or current. The latter is the 
simpler at first sight, though for many purposes the former is preferable. 

As Mr. Clinker points out it is the current factor of amplification which is 
implied in my remarks. 

R. WuIpDINcToN. 

The University, Leeds, 

November 20th, 1919. 


To tHE Егітов, THE “ Клото Review.” 


S1R,— Permit me to support Mr. R. C. Clinker's plea that the amplification 
parameter of a triode should be expressed as the simple ratio of the E.M.F. 
liberated in the anode circuit to that applied in the grid circuit in the ordinary 
mode of employment. I urge this, not only because it gives a figure of merit 
that is independent of the nature of the apparatus connected to the elec- 
trodes of the tube, but also because it is nearer the physics of the matter. 
The physics may, I think, be summarised as follows :—When one applies say 
100 volts between the hot filament and the anode of a small triode the 
moving electrons between cathode and anode create by their mutual repul- 
sion a back E.M.F. of, say, 50 volts which is rather analogous to the back 
E.M.F. of polarisation in electrolysis ; if now one increases the potential of the 
grid relative to the filament by say 1 volt one finds that, say, Іо volts of the 
back E.M.F. are cancelled. Therefore 10 volts of the anode battery are 
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liberated for propelling current. The number ro is in this case the voltage 
factor of the tube, sometimes called the amplification factor. I prefer the 
term “voltage factor" because we may some day find step-down tubes 
useful, though at present only step-up tubes are widely used. Amplification 
is a word only applicable strictly to step-up triodes. 

While writing I should like to refer to the choice of a symbol for the 
voltage factor. Langmuir used К, but as in wireless literature k- has always 
been used for the co-efficient of coupling I have myself used the letter g. 
Sometimes m is used but, again, m is the universal symbol for the mass of 
an electron and therefore appears in that sense in the theory of all ionic 
tubes. The International Electrotechnical Commission have suggested 
that mere numbers should be represented by lower-case Greek letters. 
Almost the only Greek letters not allocated by the Electrotechnical Com- 
mission or the Physical Society of London to important electrical quantities 
are Upsilon, capital (Y), and lower case (v), Xi, lower case (6), Nu (v), and 
Pitau (w ). 

It would be interesting to have your readers’ views upon the best symbol 
for this most important parameter of the triode. 

W. Н. EccLes. 

City and Guilds Technical College, 

Finsbury, E.C. 2. 
December 9th, 1919. 


ERRATA. 


(Хотв.--Япу notices of errata that may be found necessary from time 
to time will always be inserted in thts position in the Review.) 


Page 77 (November), line 2, the formula should read, 
Ola Опа 
ба 
Page 104, line 24, for “ positive electrons ” read “ positive ions.” 
Page 104, line 32, for “ high cathode " read “ high temperature cathode.” 


Page 122 (December). Fig. 13. The ordinate scale should be marked y, 
not у; and tbe formula beneath thts figure shouldiread, 


ET A 
ys = tan} | tan ф . tanh 22 | 


Page 132, line 3,*should read, 


да З ary 
de, 249. 


M 
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A Method of Direction Findins of 
Wireless Waves 


And its Applications to Aerial and Marine 
Navigation.” 


By Capt. JAMES ROBINSON, R.A.F., M.Sc., Ph.D. 
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O ON ANDO в н 


I. ÍNTRODUCTION 


Tq principal methods hitherto used for finding the direction 
of wireless waves make use of the well-known properties 
of a loop, that, when the plane of the loop is perpendicular 
to the direction of the waves, no energy is absorbed, and, when 
parallel to the direction of the waves, the maximum amount of 
energy is absorbed. In order to find the direction most accurately, 
use is made of the fact that the rate of variation of the energy 


* Paper received August, 1919. 
S 
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absorbed is greatest near the minimum. The loop is swung 
through the minimum position until signals can just be heard 
on either side. The positions where the signals are just audible 
are noted, and the position half way between taken as the indi- 
cation of the minimum. The variation of intensity of signal 
is so slow at the maximum that it is impossible to fix the maximum 
within 5? or 10°. 

The minimum method is used in two well-known cases :— 

(а) Where the aerial consists of a single loop of one or more 
turns, the loop being capable of rotation about a vertical axis. 

(b) In the Bellini Tosi method, where two fixed aerials at right 
angles are used, and where the moving part is a small coil inside 
an instrument known as a radiogoniometer. 

The accuracy of such a method depends on various things, 
one of which is the strength of signal. For very weak signals 
the region of silence may be large, and at times it may exceed 
go’. Іп such a case, the positions where the signal is just audible 
have to be estimated very accurately, in order that a reliable 
determination of the minimum can be obtained. Again, it is 
often difficult to guarantee to within a few degrees just where 
the signal is audible. External noises have great influence on 
the determination of the positions where the signal is just audible, 
and this becomes serious in cases where the disturbances vary 
in intensity in different directions, as is often the case with 
atmospherics, and also on aircraft where there is a lot of external 
noise. 

Hence it seems advisable to have a method for finding direction 
where the coils can be placed actually on the position which 
indicates the bearing, thus avoiding the necessity of having to 
determine two positions where signals are just audible. This 
will again be increased in importance if the signal can be heard 
whilst the bearing is being taken. The method about to be 
described fulfils these wants. 


2. DESCRIPTION or THE METHOD 


The method will first be described for the case of aerial coils 
which can be rotated about a vertical axis. Two coils at right 
angles are used, being rigidly attached so as to be rotatable 
together. Obviously, if one coil is at the minimum position for 
incoming waves, the other will be at the maximum. In order 
that signals may be heard whilst taking a bearing, the coils are 


FEB., 1920. ROBINSON: Direction FINDING 215 


placed so that one coil is near its maximum. To do this, arrange- 
ments are made so that this coil can be used alone. We- have 
seen that the maximum position of this coil, which we shall call 
the main coil, can only be roughly determined in this way. 
When, however, the other coil, called the auxiliary coil is 
introduced, there will be a change in intensity of signal, unless 
this coil is at its zero position. If there is such a change of 
intensity the system is rotated slightly until the signals are of 
equal intensity, when the pointer will indicate the direction of 
the incoming waves. In practice, however, it is preferable not 
to change from main coil to main and auxiliary coil, but to proceed 
as follows. The maximum of'the main coil is determined 
approximately. The auxiliary coil is then introduced and its 
connections reversed a few times, thus adding or subtracting 
the E.M.F. of the auxiliary coil to or from the E.M.F. of the 
main coil. When the auxiliary coil is at its minimum position 
the reversals will produce no change in intensity of signal. 

One method of applying this system is shown in Fig. 1. 


To Receiver or 
Ampli ier 


> 
0000000 
де 
А 


Б 


Fic. г. 


A is the main, and B the auxiliary coil. C is a change over 
switch, so that either the main coil alone, or the main and auxiliary 


in series can be used. D is a reversing switch to reverse the 
Е 8 2 
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connections of the auxiliary coil. E is a tuning condenser from 
the terminals of which leads are taken to the receiver or amplifier. 
It is convenient to arrange that there shall be no change of tuning 
when the auxiliary coilisintroduced. For this purpose a balancing 
inductance, F, is used of the same inductance as the auxiliary 
coil, but of small dimensions, so that it picks up a negligible 
amount of energy from the waves. 

The method of using this to find a bearing is as follows :— 
Contact is made with the change over switch, C, to the left. The 
signals are tuned in by the condenser, E, and the coils rotated 
to obtain the approximate maximum position of the aerial coil, A. 
The change over switch, C, is now placed to make contact on the 
right, and the reversing switch, D, moved from side to side a few 
times. If the signals are of different intensity, the aerial coils are 
moved slightly until a position is found where the signal strength 
is the same on reversal of the auxiliary coil. Then the direction 
of the incoming waves is given by the plane of the main coil. 

An alternative way of applying this method is shown in Fig. 2. 


To Receiver or 


Ampl Цзег 


FIG. 2. 


In this arrangement each aerial coil is in its own tuned circuit. 
The effects from the main and auxiliary coils, A and B, are com- 
bined in a circuit, MNDE, by means of the coupling coils, LM 
and NP. 

The effects from the auxiliary coil are reversed by the reversing 
switch, D. In order that the main coil alone can be used to 
obtain its approximate maximum a make-and-break switch, 5, 
is inserted in the circuit of the auxiliary coil, В. This method is 
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not so simple as that in Fig. 1, because of the necessity of having 
to use three tuning condensers. It should be noted, however, 
that there is no necessity to have extremely accurate tuning of 
any of the condensers, as is the case with the Bellini Tosi system. 


3. SENSITIVENEsS OF D.F. Colts. 


By this system of direction-finding, the coils are placed in a 
definite position which indicates the direction of the incoming 
waves. Ав it is necessary to judge when signals are of equal 
strength, it may be presumed that there is a small angle in which 
it is difficult to decide whether the signals are of equal intensity 
ог not. The magnitude of this angle determines the sensitiveness 
of the system, and we shall now proceed to consider the conditions 
controlling the sensitiveness. 


Fic. 3. 


In Fig. 5 is shown the E.M.F. produced in the coils from electro- 
magnetic waves from some constant source, for various orientations 
of the coils. The curve aa, shows the E.M.F. for the main coil, 
this being represented so as to be a maximum for o^, and minimum 
or zero for + 90°. This curve is a curve of trigonometrical form. 

Curve bb, , also a curve of trigonometrical form, shows the 
E.M.F. for various orientations of the auxiliary coil, the maximum 
now being at + 90° and the zero value at o°. When the connections 
of the auxiliary coil are reversed the E.M.F. curve becomes bgbs. 
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When the main and auxiliary coils are used together we get 
curves cc, or dd,, according to whether the one or other auxiliary 
curves, bb, or babs, is used. 

Main coil curve aa, is represented by y, = a cos 0. 

Auxiliary coil curve bb, is represented by у, = b sin 0. 

Combined curve cc, is Y, = а cos 0 + b sin 0. 

Combined curve dd, is Y, = a cos 0 — b sin 0. 

These curves cross when 
Хез Хе; 
1,2... а cos 0 + b sin 0 = а cos 0 — b sin 0, 
1.2., for 2b sin 0 = 0, 
1.е., 0 = 0, 
which is for the maximum of the main coil and minimum of the 
auxiliary coil. The sensitiveness of the system is determined 
by the angle 240 about the position 0 = 0, in which the ear cannot 
determine any difference in intensity, this angle 2d0 being com- 
posed of 40 on each side of the maximum position of the main 
coil. Ага position 40 from the position of equal signals we have 
"^ Y, = a cos dô + b sin dé. 
Ү, = а cos d0 — b sin 40. 
The difference in E.M.F. is Y, — Y, — Y,, and the mean E.M.F. 


T ibd n 


1 


The ratio 1.е., the ratio of the difference in E.M.F. to the 


4 

mean E.M.F. is intimately bound up with the sensitiveness 
Y, 20 sin d0 
Y, асоѕ dé’ 


which is approximately 2 2 sin 40. 


The term 2 is the ratio of the maximum E.M.F.’s produced in 


the auxiliary and main coils. This ratio we shall call k. Under 
normal conditions k is equal to the ratio of the area-turns of 
the auxiliary and main coils, where by area-turns of a coil 
is meant the summation of the areas of each turn of the coil.* 


Then we have is = ФК sin dé. 
4 


* See below for evidence to support this view. 
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Taking 40 as some small angle, say 1°, the ratio 5з can easily 
1 


be calculated for various values of k. The following table contains 
some values :— 


k = ratio Per cent. k = ratio Per cent. 
Auxiliary change of E.M.F. Auxiliary change of E.M.F. 
^ Main for 1? ^ Main for 1? 
Area-turns. = 2k sin 1? X 100. Area-turns. = 2k sin 1? X 100. 
1 о:9 рег cent. І:5 5:2 per cent. 
4 I:2 55 2:0 7.0 2s 
4 L75 5 2:5 87 0» 
i 2 65 » 3:0 10:5 » 
I 25 » 50 17:5 » 
ІСО 35:0 T 


Taking any particular value of k, say, k = 2-5, we find that, 
when 1? away from the true position, there is an 8:7 per cent. 
change in E.M.F. on reversal of the auxiliary coil. Without going 
into the difficult problem of what percentage change of intensity 
of sound the ear can determine, it is found in practice with the 
coils that have been used in the services that this 8:7 per cent. 
change of E.M.F. can be distinguished. Thus, for the ratio of 
auxiliary to main area-turns = 2-5, there is no doubt in the 
observer’s mind that the signals are of different intensity when he 
is I^ away from the true position. 

For such a system of coils the sensitiveness is such that there 
is certainty of being within 1? of the correct position. Naturally, 
training is of great importance, and trained operators can be certain 
of even greater accuracy. 

For a ratio k = 10 there is 35 per cent. change of E.M.F. when 
I^ from the correct position, and the system has been found, in 
practice, to be sensitive to 4°. 

This method thus shows how it is possible to determine the 
direction of incoming waves with any accuracy required up to 
what has so far been found to be the highest practicable accuracy 
of 27, 

(To be concluded.) 
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Damped Oscillations in Coupled Circuits* 
By G. BRAMWELL EHRENBORG 


HE starting-point of a mathematical discussion of the phenomena in two 

coupled circuits is a system of two linear differential equations of the 

second order. Each of these equations belongs to one circuit, in the 
sense that the majority of the terms 1n it refer to the voltage (or current) in 
that circuit ; but there are also terms, which may conveniently be called cross 
terms, which are derived from the voltage in the other circuit, and which con- 
stitute the mathematical formulation of the effect of the latter circuit on the 
former. If the cross terms were absent, the integration of the differential 
equations would of course depend on the solution of quadratic equations. 
Owing to the presence of the cross terms, the two differential equations must 
be combined so as to form a single differential equation of the fourth order, 
the integration of which depends on the solution of a biquadratic. If the 
resistances are so small that their squares can be neglected, a manageable 
solution of the biquadratic can be found. This has been done by various 
writers ; two of the more recent papers on the subject have been published 
in the Tabrbucb der Drabtlosen Telegraphie, one by Маска (Vol. 3, p. 329) 
and the other by John Stone Stone (Vol. 7, p..8). The former contents 
himself with solving the biquadratic, while the latter carries out theintegration 
completely. 

There is, however, another method of dealing with the problem. The fact 
that there is a biquadratic to solve instead of two quadratics was seen to be 
due to the presence of the cross terms, and it therefore seems worth while to 
try to effect such a change of variables that in the transformed system of 
differential equations the cross terms are as small as possible; if the damping 
is small, one would naturally try to arrange matters so that the only cross 
terms are damping terms. Transformations of this nature have been known 
and studied for well over a century, but as they are hardly ever dealt with 
outside the pages of advanced textbooks on dynamics and other publications 
entirely devoted to the interests of pure mathematicians, they have not 
received the attention they merit from radio engineers. The only instance 
known to the writer in which they have been applied to the problem now 
under discussion is іп a paper by Louis Cohen (Jahrbuch der Drabtlosen 
Telegraphie, Vol. 2, р. 448), and in that article the author unfortunately 
chooses a transformation which would be suitable if the square of the con- 
denser voltage were negligible in comparison with the square of the voltage 
drop in the resistance, whereas the exact opposite is what usually occurs in 
practice. 

The object of the present paper is to apply the above-mentioned method 
to the study of the free oscillations in two circuits electromagnetically 
coupled, that transformation being chosen which is most nearly in accord 
with practical conditions. It will be found that the biquadratic can then in 


* Paper received in final form, October 21st, 1919. 
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general be broken up into two quadratic factors without any serious error. 
There are other advantages also. It will be at once apparent that if a certain 
relation holds between the resistances and the capacities, the error vanishes 
so that the solution obtained is exact. Further, an estimate can easily be 
made of the magnitude of the error when this relation no longer holds. 
Finally, the evaluation of the integration constants is a far less laborious 
process than would have been the case if no change of variables had been 
carried out. 


Consider two circuits, each of which contains a condenser in series with 
one of the windings of an oscillation transformer and (possibly) with some 
other inductance as well. In the first circuit let the total self-inductance 
Бе L, the capacity of the condenser C, the resistance R, the potential 
difference on the condenser terminals v, and the current 2,. Let the corre- 
sponding quantities іп the second circuit be Ly, С, Ra v, and % respectively, 
and let the mutual inductance between the two circuits be M. All induc- 
tances, capacities and resistances are assumed to be constant. If we make 
the convention that the current is positive when it flows from the positive 
condenser terminal through the metallic part of the circuit to the negative 
terminal, we have 


; dv, . dv 


The equations of the two circuits are 


dt di 
R = — Ім 2? — М и tu 
T di di 
If we express the currents in terms of the voltages and introduce the 


; "POP dv, . _ 9201 
fluxional notation (2.2., €, = pL ü = dB) etc.), these equations transform 
into 
It is convenient for future work to employ the following notation :— 
M v v 
ІС, = ш; 1.0, = wu; jose = В; 1 = 0: ~ = 0 
1-1 ps гад 2» V LL, , МТ, 1 > МТ. а» 
Then the equations become 
u$, + RCh + v + шы = 0! (1) 
кид, + и, + КО» + 1, = 0 
The constant k is called the coefficient of coupling between the two circuits ; 
it is always less than the coefficient of coupling of the oscillation transformer 
considered by itself, since the self-inductance of each of the windings is 
necessarily less than the total self-inductance of the circuit of which it forms 
a part. k is therefore always less than unity, but it may yet be far from 
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negligible, and it is the presence of the terms of which Ё is a factor which 
causes the difficulty of integrating the two equations. The difficulty is 
surmounted in the following way :— 


Multiply the first equation by u, and the second by u, and add; we 
obtain 


(иа + pokuri + (urku + Halla) T №010 s Halts Саа 
piu, роз =0 . . (2) 
Now introduce a new variable 6 such that 
(иа + pau), + (из + uus), = Е 
май F pats - 46 
where / is a constant to Бе determined. 
The last two equations will be consistent for all values of v,’ and v,’ if 


(in — ра + Вира x 


i (3) 
kup + (u -2) Из = 0| 
If these equations are to have any other solution than p, = па = 0 (which 
is of no value to us), we must have 
1 
À 1 = 0, ог а) (3-ч)- uu, 2.00. 4) 
| kua Ug е 1 
This is а quadratic in z which, written in the usual form, reads 


1 
— (u + Up) 7- + (1 — А) uu, = 0. 


If this equation is satisfied when A= p? and when A = q?, we know from 
the theory of quadratic equations that 


P ОЕ 
за == (1 — k?) иуи, 


On solving the quadratic we find 


| 1 (u + ug — A (uj — ug)? + ииз) 
(6) 


TN 


-3(" ла + АМ ба — ма)? + ин) ) 
If, as is customary, we take A//(u, — Ug)? + 4 ииз to mean the positive 


Square root of (и, — Ua)? + 4k?u,u,, we see that та always less thane. If 


k were = 1, = would be zero, but as # is always less than that, is always 
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positive. А little consideration will show that both w, and и, lie between 


3 and jn and by writing the first of the equations (5) in the form 


1 


1 l. l 
---и = Ug — — we see that — is greater than и by the same amount as — 
2 1 2 p? q? 1 


q p 
is less than и. When k = 0, Е. = the lesser of w and ug, and = = the 


greater. ; 
Either of the two roots when substituted in equations (3) will give us a 


value of the ratio which will make the two equations giving Е in terms of 
2 

v, and vg consistent. The actual values of иа and мә are indeterminate, 

but that is a matter of no importance to us, for we see that the effect of 

multiplying each of these quantities by a given constant is to multiply 

equation (2) by the same constant, a process which makes it neither easier 

nor more difficult to integrate. 


ku 
When A = р2, the first of equations (3) gives us 7 = -- eee and 
2 
1 а pi 
и a pt 
the second, = = — ju, 5 We see at once that these two values 
Ка Us, 


of the ratio are equal, since = is a root of (4). For future work we shall 
make use of the former of the two values, and we shall take the actual 
values of иа and p, to be respectively ku, and — c — 2) when A = p°. 

When Л has this value let Е have the value 2, and when Л = g?let = y. 


Then the equation uW, + рай» = AE becomes in these two cases 
respectively 
КЕТЕ 
Кай — (u 25) "e = p 
p 
1 | : | (7) 
kuw; — С - а) E dap И 
if we take ша = ku, and ua = — e — А when А = 42, 


We now return to equation (2) and write down the two forms it takes 


when Л = p? and A = q*. These аге 
% + ku, ВС — @ EE E ЕС, + р?к = 0 


Уеа ВС + ( Е = 2 БС, + ФУ = 


To complete the transformation to the new variables we simply have to 
solve equations (7) and substitute the values of v,’ and v,’ thereby obtained 
in the above two equations. We find 
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1 1 

2 4 hi 
Vy (3 z) р + t 1 " 47) 

= ~ — —)ku 

42 р) 1 qg py 3 2... (8 
| я a 
Vo mia. TPs + T4 

oP PP 


Now the differential equations become 


i--2at--pyx--fy = 0 9 
gt + y + 2By + фу = 0)” 9) 
1 
At 
where f= - 1 (R,C, — R,0,) 4? 
Pp 
(10) 
g^ 
g= 1 1 (RC, — БС») p? 
g p» 
1 1 
——u,)R,C, + (uv, —— RC 
ИС. фи ^ x)AO 
2 (5) 
q p 
1 1 (11) 
(ш mm: =a) RC, + (з- А RC, 
В = p q 2 
EN 
Фор 


It is convenient to express а as the sum of two terms, one of which 


depends on ВС, + Р,0, and the other on А.С, — R,Cy, and similarly for 
В. П we write ВО, in the form за + 1,0; + 5/4 - А ала 
ЕС, + RC, — RC, nd RC, 

2 2 


ЕС, in the form , and if we make use of the 


first of equations (5), we find 
RC, + RCo 2 — Р.С; = RC, 
а ФР 1 


1 
(а-а) 
= AC, T RC» 2 IC, — БС, 
To 1T. 
47 p? 


(To be continued.) 


а = 


(uy — шәр? 


12 
(u, — 4? щ 
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The High-Frequency Resistance of Wires and Coils.* 
By Prof. С. W. О. HOWE, D.Sc., M.I.E.E. 


HE last five years have seen a remarkable development of the applica- 

tion of high-frequency currents to telegraphy and telephony. In 

all cases, it is a matter of importance to be able to calculate or, at 
least, to predict the losses occurring in coils when carrying high-frequency 
currents. 

No attempt is made to deal exhaustively with the subject in this paper. 
An explanation is given of the principles involved and it is shown how these 
principles can be applied to the calculation of the resistance of wires and 
coils. 

бткліснт Rounp Wire. 


In a previous paper t the author has shown how the well-known telephone 
transmission formule may be used to calculate the skin effect in many cases. 
It is there shown that in a solid round wire carrying a current of such a high 
frequency that the penetration is small, the ratio of the high-frequency 
resistance №, о the steady current resistance Во is given by the formula 


0 


where r is the radius of the wire, f the frequency, p the permeability, and p 
the specific resistance. 
PARALLEL STRIPS. 

When it is desired to keep the inductance of a circuit as low as possible, 
parallel strips placed close together are frequently employed. If the 
frequency is so high that the current density at the back of the strips is 
practically zero, this is the simplest of all skin-effect calculations ; it 15 con- 
sidered in detail on pages 473 to 475 of the previous paper.t The resistance 
and losses are shown to be the same as if the total current were distributed 

9 
uniformly over a layer of depth t where t = фт ru 


For copper at a frequency of a million, £ — 0-066 mm. If the frequency 
and the thickness of the strips are such that the current penetrates appreci- 
ably throughout the whole cross-section, the problem is analogous to that 
of the telephone line when the current is not attenuated to zero before arrival 
at the far end, in which case a reflected wave is superposed upon the forward 
wave. The formule for this case are well known and are used daily by 
telephone and alternating-current power-transmission engineers. They are 
employed on pages 478 and 479 of the previous paperT to calculate the current 


Ж Abstract of paper read before the Institution of Electrical Engineers (Wireless 


Section), on December 19th, 1919. 
+ “The Application of Telephone Transmission Formule to Skin-Effect Problems,” 


Journal Inst. Electrical Engineers, 54, p. 473, 1916. 
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density at different depths and the resultant resistance. It is shown 


R : i 
that в. - where f i D т =the thickness of the strip, and 


_ cosh 20v — cos 28т 
Y = sinh 28т + sin 2fr 


For small values of 28т that is, for low frequencies or very thin strips, 


this reduces to 
В, _ 2 (2Br)* 
Ros” us 
which for copper may be written Р/В, = 1 + 47:5 (tVf)*. 107. 
The value of R,/R, for any value of fiv can be read directly off the curve 
in Fig. 1. 


SINGLE-LAYER CYLINDRICAL CoILs. 


Coils wound with Rectangular Wire.—In the previous paper the author 
has shown that the resistance of a long coil closely wound with a single layer 
of square or rectangular wire 
is given accurately by the 
same formula as that already 
found for the parallel strips, 
viz. 


R, = R,&, 
: y 


where T is the radial thick- 
ness of the wire. The values 
of А,В, are plotted in Fig. 1 
against values of f. 

If there is a small space 
between adjacent turns, the 
magnetic field within the 
conductor and in the spaces 
between the turns will still 
be approximately linear and 

Fiat. 87-2175, parallel to the axis of the 

coil, but for a given current 

density the magnetic flux density will be reduced. The same result would 
be caused by a decrease in the permeability and either would lead to an 
increased penetration. Ifthe wire has a square section of side t cm. and if 
S is the number of turns per cm., St is the fraction of the axial length 
occupied by the conductor, the remainder being occupied by insulation 
or air space. The penetration would be the same if the turns were close 
together, but the permeability of the material reduced from 1 to St. 
Assuming the conductor to have unit permeability, В would be reduced from 


ud 
ЖҮК Sy 
Y 10% 10 2r 10% 
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For many purposes it is convenient to consider the ratio of the high- 
frequency resistance R, of the coil to the high-frequency resistance R, of 
the same wire when straight. In the present case this would necessitate 
a knowledge of the ratio R,/R, for a straight wire of square section. At low 
frequencies the resistance of a square wire approximates to that of a round 
one of equal cross-section, whereas at very high frequencies its resistance is 
inversely proportional to its periphery, and, neglecting the fact that the 
current density is slightly greater near the edges than near the middle of the 
faces, approximates to that of a round wire of the same periphery. For 
intermediate cases it will lie somewhere between these two limiting values. 
Now the area of a circle inscribed in a square has an area п/4 of that 
of the square and also a periphery 7/4 of that of the square. Hence 
a round wire equal in diameter to the side of a square wire has т/4 
times its resistance both at very low and at very high frequencies. It 
may be assumed therefore as an approximation that this ratio is 
constant at all frequencies. The resistance of linear conductors of 
square section has been investigated theoretically and experimentally 
by H. W. Edwards.* It wil be found, however, that the inscribed 
circle method gives results in as good agreement with his observations 
as his own theoretically established formula. The biggest difference 
between the calculated and observed results is about 4 per cent. for 
values of ту ranging from 0 to 42. 

The values of Р/Р, and ВВ, have been calculated for a solenoid of 
square wire with St = 1-0, 
0:8, 065 and 0-25 respec- 
tively, that 1s, for coils in 
which т is 100, 80, 50 and 25 
per cent. of the pitch of the 
turns. The results are given 
in Fig. 2. The curves are 
calculated by the above 
formule but the points 
marked are experimental 
results obtained by Esau 
who measured the high- 
frequency resistance of 
single-layer coils of square 
section. For the sake of 
comparison the curves have 


also been drawn for the values of туў and of Sr which were employed 
by Esau. It will be seen that the agreement is very good except for the 
lowest values of St. Since the calculation is based on the assumption that 
Sr is not much less than unity, the accuracy with which the observed 
points lie on the curve when St = 0-375 is somewhat surprising, more 
especially in view of the enormous discrepancies when St = 0-161. It must 


* Electrician, Vol. 68, p. 728, 1912 ; and Pbysical Review, Vol. 33, p. 184, 1911. 
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be remembered that it has been assumed that the coils are long and that 
the diameter is large compared with the pitch. 

Solenoid wound with Round Wire.—lIf the coil is wound with round wire 
the problem is more difficult. The only writers who appear to have attacked 
the problem rigidly are Picciati and Sommerfeld. Others have considered the 
problem, but have assumed, either that the wire is square, or that the current 
distribution in the round wire is similar to that in the square wire. Cohen 
assumed that the results obtained by him for square wire could be applied 
to round wire. His formula is only applicable to very closely wound coils, 


оо (Som) 
+ Black —calorimeter— spark / 
3-5 e Wien- bridge—alternator 7 


в Esau ditto 

“Е Fleming-calorimeter—spark 
A Battelli & Magri-calorimeter— 
© Howe—thermo-junction—arc 


fF - 17-8(Co) 


| aff = 12 (Som 
d ff = 12(Co) 
df = 1o (Som) 


МО to~s d4f = 6(Som) 
0 оі 02 O5 04 05 06 07 08 09 ro 
ба = diameter of wire 
pitch of the turns 


Гіс. 3. 
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and if applied to coils in which Sd = 0-5, that is, in which the space between 
the wires is equal to the diameter of the wire, it may lead to coil resistances 
less than that of the wire when straight. As an example, the dotted curve 
in Fig. 3 is calculated by Cohen’s formula for МУЎ = 56-4. At low fre- 
quencies, however, Cohen's formula gives good results, even for coils which 
are not closely wound, as can be seen from the lower dotted curves in Fig. 3, 
for df = 17-8 and 12-0 respectively. 
For low frequencies M. Wien obtained the formula 
Ко = 1 + 0-272 a?o*c?r* (2178)? 
which, for copper, may be written 
В. = 1 + 23. 10-8 (d му). (Sd)? 
This is somewhat similar to the formula for low frequencies obtained by 
Sommerfeld, viz. 


„бла 
E = 1 + 0-25 z?o?o?r* | + (2279)? + Car’) +... | 
which, for copper, may be written 
Ё. 1 2:12 x 10-8 ТІЗЕ фа + Z (Sas 
EC x 10-5 VF) {3 + тв? 2 (80 +... | 
If Sd is not much less than unity, “һе second term is much bigger than апу 
other, and we have approximately 
RR, = 1 + 22-7 x 10-8 (dV/f)* (Sd)? 
which is practically the same as Wien’s formula. As mentioned in con- 
nection with parallel strips the accurate-formula for closely-coiled square 
wire, viz. Е.Е, = фт/у, can be modified for small values of Вт by expanding 
the trigonometrical and hyperbolic functions and neglecting the higher 
powers of Вт; in this way one obtains 
В, 112 (v 
В 1*8" i 
= 1 + 47-5 x 10-9 (тм) for copper. 
We have also shown that, if not closely wound, the effect is similar to that 
of reducing the permeability from 1 to St, which would reduce В4 in the ratio 
of 1 to ($7)?, and give the formula 
R,IR,— 1+ 47:5 x 10-8 (туу). (91). 
If thts formula is assumed to bold approximately for round wires of equal 
cross-section, we have 
т = 0:8864; (v V/f)* = 0-617 (dv/f)*; (St)? = 0-185 (Sd)? 
and R,/Ro = 1 + 23 x 10-54 У//)“84)2 
in exact agreement with Wien and Sommerfeld. This formula is only 
applicable to low frequencies (df less than 10). 
At very high frequencies the replacement of closely-wound round wire by 
square wire of equal section also leads to results almost identical with those 
obtained by Sommerfeld. It should be mentioned that Sommerfeld only 


succeeded in solving the problem for the case of the turns in actual contact, 
| т 
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7.2. for Sd = 1; for values of Sd less than unity, he used the experimental 
results of T. P. Black. Ме are therefore entirely dependent on experimental 
observations except for certain special cases. The results obtained by 
various experimenters have been plotted in Fig. 3; beside each point is 
given the value of dVf. The results are very discordant, but it must be 
remembered that the measurements have been made by different methods 
and with different sources of alternating currents; some with damped and 
some with undamped oscillations. The curves shown have been calculated 
by the various formule to which reference has been made. None of these 
formule take into account the effect of the diameter of the coil, which may 
be an important factor for small values of Sd ; the formule assume the coils 
to be very long in comparison with their diameters, and they would obviously 
be very inaccurate if applied to narrow coils of large diameter (see section on 
* Short Coils ”), 


EXPERIMENTAL. 


A number of measurements of the high-frequency resistance of coils have 
been made at the Imperial College of Science and Technology during the last 
three or four years. The temperature rise of the coil was determined by 
means of a thermo-junction of very fine wires soldered to a point of the coil 
near its centre; these wires could be disconnected from the galvanometer 
circuit except when a reading was to be made. If J, is the direct current 
required to give the same temperature rise as the alternating current Г, 
then Во = 1,7R,. 

The results obtained by this method are shown in Figs. 4 and 5. In Fig. 4 
the coil consisted of 92 turns of 0-264 cm. wire, the total length of the coil was 
26-9 cm. and its external diameter 2-86 cm. The ratio of the diameter of 
the wire to the pitch of the turns = Sd = 3-42 x 0-264 = 0:9. А fair curve 
has been drawn through the observed points. A square wire of equal cross- 


section would have a side т = 0-234, therefore Sv = 0-79, and Sr = 0-89. 


9 г 50 100 150 
ау 
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Applying the formula for a coil wound with square wire, we have т = n 
0 


where В = 0-152Vf х мт, 2. Bv = 0-0316V/f. The corresponding values 
of R,/R, can be read off the curve in Fig.1. These calculated values for the 
equivalent square wire are shown by the dotted curve in Fig. 4; they are 
about II per cent. greater than the measured values of А/К. 

In Fig. 5 the coil consisted of 62 turns of wire 0-163 cm. diameter with a 
total length of 20:4 cm. and a pitch of 0:33 cm. A square wire of equal 
cross-section would have a side т = 0:144 cm., St = 0:436, and “Str = 0-66. 
Therefore 5 = e where B = 0-152Vf x м8, г. fv =0-1044Vf. The 

0 
dotted curve shows the values of R,/R, calculated in this way. They аге 
26 per cent. higher than the measured values. 

Exigencies of space sometimes compel the designer of radio apparatus to 
employ coils with more than a single layer of wire. The inductance increases 
as the square of the number of turns in a given length, whereas the resistance 
to steady currents is directly proportional to the turns. At high frequencies, 
however, the resistance may be greatly increased by the addition of a second 
or third layer. 

Consider a long solenoid wound with three lengths of square wire. Num- 
bering the layers from the outside, the magnetic field in the first annular 
space is due only to the current in the first layer, that in the second annular 
space is due to the currents in the two outer layers, and that inside the 
solenoid to the total current. These fields are therefore in the ratio of 
1:2:3. Ifthe frequency is very high the currents will be such as to prevent 
the penetration of these magnetic fields into the wires. The current J will 
be confined to the inner skin of the outer layer, the lost energy being trans- 
mitted radially into the wire from the annular gap. The flux will be pre- 
vented from penetrating very deeply into the second layer by a current 1 
in the reverse direction in its outer skin, and a current 2 [—the field being 
twice as strong—in the forward direction in its inner skin. Similarly in the 
inner layer the penetration of flux is prevented by currents of — 2 I and 
+ 3 I in the outer and inner skins respectively. The resultant current is 
of course the same in every layer, viz. 1. Since the power lost is pro- 
portional to the square of the current the effective resistances are as 
tabulated below. 

Hence if the size of wire and the frequency are such that the skin effect 
is very pronounced, the effective resistance increases much more rapidly than 
the inductance as the number of layers is increased. When, however, the 
penetration into the wires is considerable, the calculation of the effective 
resistance is much more complicated. 

This problem was worked out in an appendix where it was shown that the 
power dissipated in any layer per axial centimetre is 


Р = i,2BpF(Br, 1) 
where % is the imaginary line current supplied at the outer end of the fictitious 
transmission line, p the specific resistance, t the radial depth of each layer, 


T2 
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and Е(Вт, k) a complicated function, values of which were tabulated in the 
appendix. 

If I be the actual resultant current in the coil per axial centimetre, the value 
of 1, for the n” layer is (n — 1) I and 

P = (n — DPI RoE (Br, k) 
whereas with an equal direct current Р = [*p/t. Hence for the n layer 
RR, = (n — 1)2ВтЕ(Вт, k). 

The values of R,/R, have been calculated by this formula for the second, 
third, and fourth layers, and the results are tabulated both for the individual 
layers and for the complete coils. 


MULTI-LAYER Corrs. 


Relative Relative 
Number Current in Power Power R; Relative 
of Outer and dissipated dissipated R Induc- 
Layers. Inner Skin. т ces 0 tance. 
| 0 0 
lod i | i : pe 1 
( — I 1 
2 | 21 415 6 3 fr 4 
3 | aT 9 | 13 19 61 Вт 9 
4 | 11 d. | 9b 44 11 fc 16 
( — 4 І 16 
5 | 5I | 25141 85 17 вт 25 


The curves in Fig. 6 give the values of R,/R, for coils with various numbers 
of layers. For high values of Br the curves approximate to the dotted lines 
in accordance with the values given in the Table above. 

These curves refer to long coils closely wound with square or rectangular 
wire, and corrections must be applied for the spaces between adjacent turns, 
and for the coil not being very long compared with its diameter. The results 
are not affected, however, by the space between adjacent layers. As we 
have shown in the case of single-layer coils, the effect of spacing between 
adjacent turns, if not excessive, can be allowed for by taking the value of 
R,/Ro for Втм (87) instead of for Вт, where S is the number of turns рег 
centimetre and т is the side of the square. With round wire an approximate 
result can be obtained by assuming it to be replaced by square wire of equal 
sectional area. 


Tue Use or MULTIPLY STRANDED INSULATED WIRE. 
The author referred to a previous paper* on this subject in which 


* Proceedings of the Royal Society, A, Vol. 93, p. 468, 1917. 


FEB., 1920. HOWE: Hicu-Frequency RESISTANCE 233 


se 


formulze were given for the calculation of the high-frequency resistance of 
multiply stranded insulated wire. An application of the formula to a coil 
of given dimensions gave results in good agreement with the measured 
values. 

Another interesting fact which was shown in the paper referred to was that 
the minimum high-frequency resistance was not obtained by putting as many 
individual wires as possible into the available space, but that there is an 
optimum space-factor beyond which the addition of more wires increases the 
resistance. 

In many cases the fine wires are not distributed uniformly throughout the 
cross-section of the conductor but are confined to the outer surface, the wires 
being plaited around a non-conducting core. The formule can easily be 
modified and applied to such cases. 

The use of stranded wires in coils of more than one layer has not yet been 
considered but presents no difficulties. Numbering the layers from the out- 
side the average values of H? in the first three layers are in the ratio of 
1: 7: 19, and the eddy losses are proportional to these values. Hence in a 
two-layer coil the total eddy loss is eight times that in a single-layer coil, 
whilst in a three-layer coil it is twenty-seven times that in a single-layer coil. 
The ratios of the eddy loss to the steady current loss are therefore as 1:4: 9 
and the formule become :— 


In a single-layer coil R, = В) 1 + 35:6 x 10-6 nf*d*a(S1)*! 

In a two-layer coil E, = Ro{1+4 x 35:6 x 10-9 nf?d*a(S1)?| 

In a three-layer coil R, = Ro{1+ 9 x 35:6 x 1079 nf?d4a(St)?}. 
These formule assume infinitely long. solenoids; if the coil is short the . 


value must be corrected as explained under * Short Coils.” The formule 
will not be accurate for values of Sr less than-about 0-5. 
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бновт Colts. 

The calculated formule for the high-frequency resistance of coils are all 
based on the assumption that the coils are very long in comparison with the 
diameter. Іп a short coil the density of the magnetic flux at the inner side 
of the wire is less than in a long coil with the same number of ampere-turns 
per centimetre. The effect of spacing between adjacent turns was shown 
to be equivalent to a reduction of the permeability in the expression for B 
for a closely-wound coil. The reduction of flux density due to the coil not 
having infinite length can be treated in the same way. The value of RJR; 
for a short coil can be read off the curve for a closely-wound infinitely long 
coil if instead of Br one takes the value 


Втм St. V H'|H. 


where H is the flux density in a long solenoid and H’ that in the short coil, 
the values being determined at the inner side of the wire. The correcting 


factor St has already been discussed. 
The author has calculated the ratio H'/H for various values of //D and the 
results are shown in Fig. 7. 


The effect on R,/R, of multiplying дт by МАН may be small or great 
depending on the value of fjv as can be seen in Fig. 1. 

In the case of multiply-stranded insulated wire the eddy-current loss in 
the individual wires is proportional to H?. In this case the term in the 
expression for R,/R, which depends on the eddy-current loss, that is, the 
second term, must be multiplied by (Н/Н)?. An example of this correction 
occurred when considering the experimental result obtained by Lindemann. 


DISCUSSION. 

Professor C. L. Fortescue said that although the transmission line idea might be helpful 
to those who were very familiar with it, it was not essential in considering high-frequency 
resistance. He maintained that there were many cases in which the use of insulated stranded 
wire was thoroughly justified ; he gave a numerical example in support of this view. He 
also pointed out that at high frequencies the self-capacity of a coil caused the current in it to 
differ from that read on the ammeter in series with the coil. 

Mr. P. R. Coursey also referred to this point and drew attention to the correction factor 
obtained by assuming the self-capacity C, to be connected between the terminals, in which 
case it is easily seen that 

apparent current | 1- o?0,L,. 
real current 

Mr. Coursey also gave some measured values of В./Ко, some of which were considerably 
greater than the calculated values. 

Mr. H. W. Tay or pointed out that the losses in the inner layers of a multilayer coil could 
be determined by adding the losses due to their own magnetic fields to those due to the field 
produced by the other layers. These components can be determined by relatively simple 
hyperbolic formule. The results so obtained agree with those given in the paper. Mr. 
Taylor thought that the term 0:25 in the formula for the value of 4, /R, for a straight round 
wire was due to an error in the approximation made. 

Mr. FRANK Murpuy referred to the losses which may occur in the dielectric used to insulate 
the wires. 

Mr. R. C. CLINKER pointed out the possibility of non-uniform heating of the coil under 
experiment due to the effect of the end turns. 

Dr. EccrEs drew attention to the fact that the author had followed Sommerfeld and others 
in plotting curves which were supposed to apply when the frequency was infinitely great. 
Long before this was reached, however, the current in the coil would have nodes and antinodes 
owing to the capacity effects. 
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Direction and Position Finding.* 


By Captain Н. 9. ROUND. 


HE major portion of this paper is confined to a sketch of the war 

development of direction and position finding as far as it was known 

to the author. An elementary account of the general ideas involved 
in wireless direction finding is first given, dealing with the phase difference 
between the currents induced in two receiving aerials spaced a fraction of a 
wavelength apart, and of its resulting applications in frame or loop aerial 
reception. A number of polar diagrams are given for various aerial arrange- 
ments. 


HISTORICAL SKETCH OF DEVELOPMENT. 


Fitzgerald, before Hertz, suggested frames for radiating, and probably 
with his insight into things, noted possible directional properties. Hertz, 
undoubtedly recognised directional properties in his receiving loop. About 
1899, 1900, and 1901, 5. С. Brown and others suggested the use of spaced 
aerials for the purpose of obtaining non-circular radiation. The frame aerial 
was probably first suggested by Lee de Forest. In 1906 Braun combined 
aerials to give heart-shaped polar diagrams of radiation. Marconi arranged 
the first direction-finding system which utilised the position given by signals 
when at their maximum strength. 

In 1905 a number of experiments were carried out by the author using 
multi-turn receiving frames. Signals were received up to three miles. 
Artom suggested and used a directional method, but the indefiniteness of 
the original description prevented any clear conception of hisideas. Bellini 
and Tosi revived the subject, and in 1912 Major Prince modified the Bellini 
aerial to complete frames. The development of simplified receiving circuits 
using triode valves for both high and low frequency magnification suggested 
the revival of the radiogoniometer almost immediately after war broke out. 

Early War Trials—In the preliminary experiments (September, 1914) 
a number of errors were encountered, due apparently to two causes : 

(1) Coupling between the two aerial systems not due to the search coil. 
This gave maximum errors in the plane of either aerial. 

(2) Incorrect tuning and consequent mis-phasing of the two aerial systems. 
This gave maximum errors in the plane of 45° between the two aerials. 

Another series of errors appeared afterwards due to badly constructed 
aerial tuning condensers and to dielectric losses in these condensers. Even 
with air condensers losses due to imperfect contact with the vanes also gave 
trouble. 

Aerial Systems.—The first aerial systems were small diamond-shaped 
frames supported by 70-foot wooden masts. A little later on four masts 
were used to support square frame aerials. This seems to be the best form 
for all-round accuracy. Still later, on account of the cost of masts, the 


* Abstract of paper read before the Institution of Electrical Engineers (Wireless 
Section) on January 14th, 1920. 
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diamond-shaped frames were reverted to, supported by one high central mast 
and four small corner masts. 

Radiogoniometers.—During the war practically no changes were made in 
the dimensions of the radiogoniometer coils designed by Bellini, except in 


the number of turns on the windings. 
Two dimensions of coils were used for different circumstances :— 


(a) “ Tight coupled,” fixed coil 5$ inches high X 51 inches wide, moving 

search coil 41 inches high x 4 inches wide. 

(b) ** Loose coupled," fixed coil same as (а), moving search coil 34 inches 

diameter. 
Actually both types were tightly coupled at the maximum. 

It was found that if the aerials were tuned to, say, 800 metres, and carefully 
balanced or phased, then by returning the intermediate and final circuits, 
but without altering the aerial tuning, signals could be received with only 
slight falling off in strength between 600 and т,осо metres. This was due to 
the above-mentioned tight coupling of the radiogoniometer. 

Apart from the above-mentioned errors, others were not at first serious. 

First Valves and Circuits.—In the first year of work soft valves were used. 
No hard valve has been constructed which can compare with these “С” 
type tubes as high-frequency magnifiers. A comparison of characteristics 
indicates that the * C? valve is equal in magnifying power either to sixteen 
hard “ French” tubes in parallel, or to three in cascade. With the “С?” 
valve the average high-frequency magnification, using reaction, was about 150. 

Everything-seems to suggest that long ageing is necessary to produce а 
steady valve unless success is obtainable with a gas such as helium or neon. 
Curiously enough a spectrum analysis of an old tube never showed anything 
but hydrogen, but with hydrogen the author was never able to make a tube 
that was any good. 

Another Source of Error.—Quite early in 1915 another error appeared 
which was nicknamed “ Vertical. It was noticed that the two positions of 
zero reception were seldom opposite to one another. This was traced to a 
small * vertical aerial?" receptive power of the loop, chiefly due to the 
difference in the capacity of the grid of the valve to earth, and of its battery 
toearth. It was corrected at first by adding a small condenser from the grid 
of the valve to earth. The capacity of this condenser should equal the 
capacity of the batteries to earth. With the use of hard valves, these 
* vertical " troubles increased, and they increased still more when aperiodic 
aerials were used. 

Night Errors.—Probably it has occurred to some that the extraordinary 
variation of signals at night, so different from the constancy during the day, 
might be accompanied by variations in apparent direction. Captain 
Tremellen working at a D.F. station at Abbeville (France) noticed this 
effect first with KAV. A copy of his original curve taken of KAV’s apparent 
movements during the sunset period is shown in Fig. 1. This curve is typical 
of a sunset movement. This night variation remained throughout the war 
a serious defect in the direction finding work. Captain Tremellen and 
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Lieutenant Adcock in France and particularly Lieutenant Eckersley in 
Egypt succeeded in obtaining valuable information about these variations. 
An interesting point regarding these effects was discovered later. The 
Germans had two “ radiophare ” stations 
for enabling their fleet and submarines 
to determine their position without 
having to transmit. These radiophares 
in effect consisted of a rotating frame 
continually sending during rotation. A 
signal was sent to give the zero of time, 
and any ship noting the time interval 
between this zero and the zero of 
signals could determine its angular 
position from the station. The fact 
that a frame transmits vertically as 
well as horizontally, and that at different 
points in its rotation the vertical radia- 
tion is polarised in a different direction, 
should lead one to expect curious 
Fic. 1. results at night. Notwithstanding the 
difficulty of taking quick bearings, 
Captain Tremellen was able to note a large variation in -the apparent 
direction of these stations at night as the frame rotated. Unfortunately 
these stations have now stopped work or a complete investigation of this 
effect would have been undertaken. 


(To be concluded.) 


READING IN DEGREES 


а. 


The Transmission of Electromagnetic Waves about 
the Earth.“ 
By F. ERSKINE-MURRAT, D.Sc., F.RS EL. : 


This paper gave a brief résumé of the known facts about the transmission 
of electrical waves round the earth. 

An account was first given of the classical experiments made by Duddell 
and Taylor at Howth, after which the lecturer showed diagrams illustrating 
the form in which the waves are bent back by reason of the energy wastage 
by the currents induced in the earth. From this it follows that the effective 
waves arriving at a receiving station must have reached that station from 
some part in the upper atmosphere, as the direction of maximum energy 
slopes down towards the receiving aerial. This energy must therefore have 
left the transmitter in an upward sloping direction, and the idea is thus 
introduced of the reflection or refraction of the waves somewhere in the 
upper atmosphere, in order to account for the waves being bent down again 
towards thereceiver. The first suggestion of such a conducting and reflecting 
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surface in the upper atmosphere was due to G. T. Fitzgerald in 1893. 
Heaviside also brought forward the same idea at a later date. 

The variation in the received signal strength by day and by night was 
first noticed by Marconi in 1902 in some tests made in a voyage across the 
Atlantic. The classical experiments of Dr. Austin were also referred to, and 
it was pointed out that Dr. G. N. Watson has recently shown that a layer of 
ionised air having a specific resistance of 6:95 х 105» ohms and at a height of 
about 100 km. would just give the same results as Austin's formula. 

The major portion of Dr. Erskine-Murray's paper was devoted to an 
account of some extensive experimental work carried out by Dr. de Groot 
in the Dutch East Indies. 

The 5-kw. station at Sabang, which has a normal range of only 150 miles, 
can at night be heard at a distance of about 3,000 kms. and again at about 
6,000 kms. at Osaka, in Japan. At the intermediate points this station is 
not heard. A very regular reflection of the waves by the ionised layer is 
thus indicated. In the case of stations nearer to the transmitter the waves 
would require to be reflected by the ionised layer at a much greater angle 
than for the stations further away. When the angle of incidence of the rays 
at the reflecting layer is large a considerable proportion of wave energy passes 
through, but as the angle is reduced a point is reached at which practically 
all the energy is reflected. This angle is such that the reflected waves reach 
the earth's surface again at about 3,000 kms. from the transmitter. 

The most interesting part of de Groot's work deals with daylight trans- 
mission, and in particular transmission between two stations about r,ooo 
kms. apart (Sitoebonda and Koepang). Curves of signal strength measure- 
ments were taken over prolonged periods by de Groot and some sample 
curves were shown in the paper. 

In these curves the sunrise and sunset effects which figure so prominently 
in transmission in the Northern latitudes have practically disappeared and 
in their place there was found a large absorption somewhere near mid-day. 
De Groot found that there were certain definite relations between the sun's 
position and these maxima of absorption, and that whenever the sun was 
vertical over either one or other of four great circles of the earth, the absorp- 
tion was greatest. 

The chief conclusions drawn from these tests seemed to indicate that the 
ionised layers are bent down to be as nearly as possible always perpendicular 
to the sun's rays, hence near mid-day there is a fairly regular reflection and 
refraction of the waves between the two stations. 

In the morning or evening the ionised layers are apparently bent down 
to an angle somewhere near 45? to the earth's surface and hence the waves 
which normally leave the transmitter at somewhere about that angle in 
order to reach the receiver only graze along the surface of these layers and 
are reflected off into space and their energy is lost. For a wave to reach the 
receiver it must leave the transmitter in an almost vertical direction, in order 
to strike the ionised layers at suitable angles for reflection and refraction 
down to the receiving station. But the energy which normally leaves the 
transmitting aerial in a nearly vertical direction is very small as compared 
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with that leaving horizontally, so that at this time in the day very little 
energy will reach the receiving station. Later on as the layers become more 
level the conditions become more regular, but still later when they are 
inclined again on the evening side of mid-day conditions are similar to those 
in the morning and a minimum of received energy is again found. 

Some rather complex diagrams were given by Dr. Erskine-Murray illus- 
trating the various planes and reflecting layers concerned in this transmission, 
but the general result of all the experiments cited seemed to support 
the views expressed above. 

In the discussion, the question was raised as to whether freak communi- 
cations in and around Europe took place more frequently in the North- 
South or East-West direction, but it was pointed out that although such 
communications apparently occurred most frequently in a North-South 
direction this is in all probability due to the larger number of stations lying 
in that general direction which are heard on such occasions. 

It was also stated that the receiver used by de Groot was a carefully 
calibrated crystal detector and that the signal strength measurements were 
made by the shunted telephone method. It was suggested that some of the 
variations in the apparent direction of a station as determined by direction- 
finding apparatus may be due to these variations which take place in the 
planes of the ionised layers. 


A Comparative Method of Testing Thermionic Valves 
for Passing no Reverse Current at High Voltages.* 


By N. W. MACLACHLAN, D.Sc., M.I.E.E. 


In using two three-electrode thermionic valves for determination of the 
maximum or peak voltage of an alternating current supply, and in the 
determination of the decrement of a circuit in which the damping is very 
high, it is essential that the valve should pass no reverse current. The 
author in this paper describes some experimental tests carried out with a 
view to ascertaining the magnitude of the reverse current passed by such 
valve rectifiers. 

The simplest method of carrying out such tests is to use a high tension 
direct current source. This may be obtained by rectification and storage in 
condensers as recently described by Professor Fortescue. 

As an alternative method two rectifying valves may be connected in series 
in opposition to one another and fed from a high tension A.C. supply. Asa 
convenient method of indicating the reverse current passed by the valves 
a condenser may be joined in the circuit with them and a low reading volt- 
meter connected across its terminals. Both the valves and their filament 
batteries must be very well insulated. If neither valve passes any reverse 
current there will obviously be no reading on the voltmeter connected across 
the condenser, but if either of the valves passes some current a reading will 


* Abstract of paper read before the Physical Society of London, December 12th, 1919. 
T Proceedings of the Physical Society of London, 31, рр. 319-337, August, 1919 (Rapie 
Review, Abstract No. 12). 
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be'obtained. Tests are mentioned in the paper of two valves connected in 
this way supplied from 18,000 volts, when no reverse current was indicated 
by an E.S. voltmeter which could indicate down to five volts. 

The second section of the paper deals with the measurement of the decre- 
ment of highly damped oscillations with the aid of a rectifying valve. The 
method described is indicated in 
Fig. 1. 

The valve must be known to pass 
no reverse current—which can be 
ascertained by testing it in the 
manner described above. The 
reading .of the voltmeter V, is 
proportional to the peak voltage of 
the first semi-oscillation in the 
circuit CL, and by reversing the valve the peak voltage of the next 
semi-oscillation is obtained. 

The third section of the paper deals with the measurement of decrement 
in a magneto using a similar method to the above. 


Fic. I. 


The Physical Society of London Exhibition. 


The tenth annual exhibition of the Physical and Optical Societies was held 
at the Imperial College of Science, South Kensington, on January 7th and 8th. 
Amongst the usual exhibits of physical apparatus there were several 
of wireless interest, amongst which may be mentioned :—The Edison Swan ` 
Electric Co., Ltd., who exhibited: A series of service valves for wireless 
reception and transmission ; a series of Marconi valves made by the Edison 
Swan Co.; a series of original types of receiving valves for amateur 
and commercial use ; and various special types of rectifying and transmitting 

valves designed by Mr. Scott-Taggart. 

Marconi's Wireless Telegraph Co., Lid., showed some instruments suitable 
for measuring high-frequency currents; their new Marine pattern of Radio 
direction-finding apparatus; and their seven-valve amplifier, connected 
to a frame aerial receiver. 

The Marconi-Osram Valve Co. exhibited a large number of different types 
of receiving, transmitting and rectifying valves manufactured by them, 
including some recent designs for commercial use. 

The Dubther Condenser Co., Ltd., showed various patterns of high-tension 
and receiving condensers manufactured for wireless use. 

Messrs. H. W. Sullivan demonstrated a special oscillating valve set for 
generating alternating currents of any desired frequency for use in electrical 
measurements, also the production of beats between two such oscillators ; 
and a number of different patterns of variable condensers for wireless receiving 
and other uses. 

Amongst the exhibits of captured German apparatus were types of Tele- 
funken transmitters and receivers, and also a valve amplifier. 
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Review of Radio Literature. 
1. Abstracts of Articles. 


180. Tue WavzLENGrHs RADIATED FROM OSCILLATING VALVE 


Circuits. S. R. Humby and B. Е. J. Schonland. (Elec- 
trician, 83, pp. 443—444, October, 1919.) 

When two oscillation circuits are coupled together and oscillations are set 
up in them there are usually two oscillation frequencies established. This 
paper investigates this case when the oscillations are maintained by a valve, 
the two coupled circuits being included in the grid and plate circuits respec- 
tively of the valve. 

It is shown that when the coupling is in the normal direction for the 
maintenance of oscillations, there is only one wavelength radiated (with its. 
harmonics) of length equal to the longer of the two “ coupling” waves. 
With the reaction coupling reversed the wavelength radiated (when the 
valve oscillates) is the shorter one only of the two coupling waves. It is 
stated that the authors have been led to the conclusion that the phase 
difference between the oscillatory currents in the grid and plate circuits can 
be either o? or 180°, but cannot have values differing sensibly from these. 

A mechanical analogy of the valve operation is given, and also some 
further measurements on the wavelengths radiated when the aerial circuit 
is directly coupled to the plate circuit, by tappings from the plate-circuit 
inductance—referred to as the “ anode tap " connection. 


181. APPLICATIONS OF THE CATHODE Ray Tuse тн Каро Work. 
L. E. Whitmore and L. M. Hull. (Physical Review, 14, 
pp. 266—267, September, 1919. Abstract of paper read 
before American Physical Society.) 

Two general types of cathode ray tube have been used for investigating 
the oscillations in radio frequency circuits at the Bureau of Standards, 
Washington, those having the usual plain cathode and those having a hot 
filament cathode. The former require exciting voltages of from 8,000 to 
20,000 volts and are suitable for the investigation of oscillating current of 
the order of magnitude of one ampere. The high-tension voltage is obtained 
by double-valve rectifiers from an A.C. supply, using condensers and choke 
coils to smooth out the rectified wave. With the second type using a 
Wehnelt cathode, from 500 to 1,000 volts is required and the tube is suitable 
for the investigation of oscillating currents of the order of 0:05 amp. On 
account of the relatively low exciting voltage this type of tube is much more 
sensitive to electrostatic and electromagnetic deflections. These oscillo- 
graphs are being used in an investigation of the harmonics in aerial circuits 
excited by vacuum tube generators. 
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152. А SIMPLE DERIVATION OF THE FORMULE FOR THE RESONANCE 
Curves oF A DAMPED VIBRATION AND SOME PROPERTIES 
THEREOF. Balth. van der Pol. (Electrician, 83, pp. 225— 
228, 251—252, September, 1919.) 

The Bjerknes resonance curve formula is only strictly applicable under 
certain conditions of coupling and damping, and only over a limited range 
of frequency difference. The mathematical development of the formula 
is greatly simplified by introducing these limitations at an early stage, since 
approximations can then be made, which would not be permissible in a 
general treatment of the problem. By adopting this procedure the author 
gives a relatively simple derivation of the Bjerknes formula. Не also derives 
the formula for the dynamometer method due to Mandelstam and Papalexi, 
іп which the reading passes through zero at the resonant point. Attention 
is drawn to a number of interesting relationships between the two types of 
resonance curves and their similarity to resonance curves met with in other 
branches of science, ¢.g. in the motional resistance and reactance of a tele- 
phone diaphragm and in the variation of absorption with the frequency 
when light passes through an absorbing medium. 


183. THE MEASUREMENT or ALTERNATING WAVES WITH THE 
Braun Tuse. Е. Lubke. (Archiv. fir Elektrotechnik, 5, 
рр. 314—334 ; 6, pp. 161—164. Jahrbuch der Drabtlosen 
Telegraphie, 13, p. 102. Electrician, 83, pp. 270—273, 
September, 1919.) 

The author deals with the application of the Braun Cathode ray oscillo- 
graph to the delineation of A.C. wave forms, not by the usual method in 
which the curves are traced out on the fluorescent screen, but by the use of 
the Joubert contact method. For this purpose the stream of cathode rays 
is employed to form the contact maker. The arrangement is thus available 
for much higher frequencies than when the customary mechanical contact 
is employed. 

The beam of cathode rays is caused to rotate and trace out a cone-shaped 
figure under the influence of the magnetic field due to the oscillations whose 
wave form is to be investigated. At one point in its rotation the beam 
passes through a narrow slit and then between two small condenser plates— 
thus ionising the space between them. These condenser plates take the 
place of the usual contact maker, and the ionisation of the space between 
them completes the circuit of an electrostatic voltmeter at any desired point 
in the cycle of the oscillations. By moving the deflecting magnet round 
the axis of the Braun tube this point in the cycle may be varied at 
will. 

Examples of curves taken with this method are given in the paper. 

For very high frequencies the condenser plates “ contact ” are replaced 
by a second smaller tube containing a fluorescent screen, and constricted near 
the slit to enable the beam entering this second tube from the slit in the first 
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tube to be deflected electrostatically by the potential to be measured at that 
instant in the cycle. The measurements are thus made from point to point 
through the cycle as before but by the deflection of the spot on the screen in 
the second tube instead of on the Е.5. voltmeter. 

With this apparatus the wave form of oscillations of frequencies up to 
3 x 109 ~ (A = 100 metres) can be delineated using cathode rays excited 
by a 220-volt source. With higher voltages, and higher speed rays, still 
higher frequencies are possible. 


184. An ImproveD METHOD For DETERMINING THE ELECTRICAL 
CHARACTERISTICS or HicH-FREQUENCY OSCILLATION Cir- 
cuits. N. P. Hinton. (British Patent 132022, September, 


1918. Patent accepted, September 2nd, 1919.) 
he arrangement 
Т described is indicated іп 
Fig. 1. The buzzer B is 
used to excite oscillations 
in the circuit C, L, and 
is coupled to the tuned 
circuit C, І, and thence 
to the two circuits Lj А E 
and L; C; L; R in parallel. 
The coils L І, are 
coupled to L4 L, which 
are joined in series with 
the detector D and the 
telephones T. To carry 
C,:out a test the condenser 
C, is set to the required 
wavelength, the measur- 
Ls ing circuit С, 1, R is 
disconnected апа the 
aerial circuit A E is tuned 
by adjusting the con- 
denser C, and the induc- 
tance L, The standard 
circuit C4 L R is then 
reconnected, and the con- 
zi: denser C4, the inductance 
E L;, and the resistance R 
Fic. 1. are adjusted until no 
sound is heard in the 
telephones T. A switch is provided for interchanging the primary coils 
L, L, to eliminate any errors arising from inequalities іп their windings. 
The mean of the two values obtained Юг the capacity C}, the inductance 
L5, and the resistance R gives the values of the corresponding characteristics 

of the aerial circuits which were to be measured. 
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185. QUANTITATIVE EXPERIMENTS WITH Соп. ANTENNAS IN 
RaprorELEGRAPHY. L. W. Austin. (Revue Générale de 
P Electricité, 6, pp. 551—552, October, 1919.) 
See Rapio Review, Abstract No. 3 for the original paper. 


186. THE USE or AMPLIFIERS FOR MEASURING SMALL DIFFERENCES 
oF Ротектілі. A. Blondel. (Revue Générale de P Elec- 
сив, 6, pp. 163—177, August, 1919.) 

This paper deals with the use of amplifying valves for the measurement of 
small differences of static potential. Various arrangements are described 
and formule given for the calculation of their sensitiveness. The various 
methods dealt with are classified into :— 


(1) Thermionic Balance Method. 
(2) Static Bridge Method. 

(3) Deflectional Bridge Method. 
(4) Potentiometric Methods. 


(1) The leading idea of the first group is the use of a differential galvano- 
meter, one winding of which forms part of the plate circuit of the valve, 
while the circuit through the other includes only a resistance to balance the 
internal resistance of the valve, and so reduce the galvanometer deflection 
to zero. А small E.M.F. applied to the grid of the valve causes a deflection 
of the galvanometer. In a modification a valve may be included in each 
winding of the galvo to give increased sensitiveness. 

(2) In the second type of arrangement the valve forms one arm of a 
Wheatstone bridge. Readings are obtained by rebalancing the bridge when 
the E.M.F. to be measured is applied to the grid of the valve. Alternatively 
two valves may be used in adjacent bridge arms, with their grids so connected 
that on the application of the E.M.F. to be measured the effective resistance 
of one valve is increased, while the other is reduced. 

(3) The third method is essentially the same as the second except that the 
bridge is not rebalanced for each reading, but measurements are made by 
noting the deflection of 
the bridge galvanometer 
when the bridge is put 
out of balance by the 
application of the E.M.F. 
to be measured. 

An initial amplifica- 
tion stage may be added 
to any of these methods, 
and results in increased 
sensitiveness. 

(4) The fourth class 
of arrangement con- 
sidered in the paper is 
an application of the 
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known methods of measurement of the amplification ratio of a valve, 
by using a potentiometer to apply a voltage to the grid circuit and to 
balance out the resultant amplified voltage in the plate circuit. Two 
modifications of this are described to enable the amplification ratio to be 
measured with the valve under working conditions, viz., with the plate 
circuit closed and the normal current flowing. One of these with a 
transformer winding in the plate circuit is indicated in Fig. 2. 

An appendix to the paper describes the measurement of the internal 
resistance of a valve by including the valve in one arm of a bridge, with the 
bridge battery to supply the plate circuit, and with a superposed A.C. source 
in the battery arm of the bridge. 


187. Rotary SPARK Gaps. Compagnie Générale de Radio- 


Télégraphie. (French Patent 494557, filed January 8th, 
1919. Published September 12th, 1919.) 

This patent relates to a rotary spark gap in which the spark is displaced 
on the electrodes and in the gap quicker than the peripheral speed of the 
moving parts, by causing it to follow the continuous movement of the teeth 
on the rotating member very obliquely in relation to the teeth on the fixed 
member, The object of the quick displacement of the spark is to reduce 
wear of the electrodes and to obtain an energetic and automatic quenching 
of the spark. It is stated to be applicable in the case of shock excitation. 
188. SPARK Gars. Alphonse Kowalski. (French Patent 495034, 

filed July 16th, 1917. Published September 26th, 1919.) 

In a spark gap with two electrodes arranged one above the other, for high 
frequency sparks, the lower electrode is formed by a metal tube connected 
to a supply of gas under pressure, and is surrounded, with a space between, 
by an insulating tube which projects upwards to the lower extremity of the 
upper electrode. This tube is also connected with a supply of gas under 
pressure, but lower than the pressure of the gas connected to the electrode, 
so that the spark produced between the electrodes is guided towards the walls 
of the tube, without, however, touching them, and then towards the space 
between the insulating tube and lower part of the upper electrode. 

189. IMPROVEMENTS RELATING To RADIOTELEGRAPHIC TRANS- 
MITTING Systems. A. Taylor. (British Patent 131561, 
April, 1919. Patent accepted, August 28th, 1919.) 

In radiotelegraphic transmission systems in which signalling is effected 
by altering the inductance of the aerial circuits, arrangements are made so 
that this inductance is split up into a number of separate sections which are 
short-circuited independently. These short-circuiting contacts are all 
operated by a single solenoid switch actuated by the signalling key.* 
тсо. Ешімімлтімс Parasitic Sicnats. L. Lévy. (British Patent 

133306, October, 1918. Abridgment published, December 
3rd, 1919.) 
The receiver described is suitable for C.W. heterodyne reception and is 


ж See also Rapiro Review, Abstract No. 114. 
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specially arranged for eliminating 
parasitic disturbances. The 
incoming oscillations from the 
aerial circuit ALE (Fig. 3), are 
heterodyned by the local oscilla- 
tions set up by the oscillating 
valve V,, which is arranged so 
that the beat frequency is 
supersonic—say about 10,000 ~. 
The resulting currents are 
amplified by valves Vs, Vs, V, 
(which form a cascade amplifier 
as indicated), and are then 
impressed through T upon the 
filter circuit TX, made up of 
condensers and inductances C,L,, 
CL, Са... Сақ, Тһе 
natural wavelength of this circuit 
is adjusted to resonate with the 
chosen supersonic beat frequency. 
Stationary waves are set up in 
this circuit by reflections at 
the terminal inductances L’,L,, 
which have twice the inductance 
of the others. The circuit 
Г а ааъ is tuned to the 
beat frequency, and is coupled to 
one of the filter coils—say L,— 
and to two additional coupling 
coils (Іло Lọ) joined in series 
between adjacent filter circuit 
condensers. By connecting the 
“potential” coupling 1,515 in 
opposition to the “current” 
coupling coils L,,, Таз it is 
claimed that the effect of an 
atmospheric on circuit Та а 15 
can be eliminated, since an 
atmospheric will set up only 
one or two oscillations which 
will travel through the filter as 
a progressive wave, instead of 
setting up a stationary wave. 
The purified supersonic current 
is further amplified by the 
valves У--У, The circuits of 
V» Vy and V, are tuned to a 
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frequency near to the supersonic beat frequency,—the capacities of 

Cip Сір Съ being greater than the resonance value and increasing in this 

order. An audible beat frequency is thus obtained, which is amplified 

by Va} Vg, У, for detection by the telephones T. Іп a modification the filter 
may be distributed along the aerial circuit. 

IQI. SYSTEM oF ELECTRICAL TRANSMISSION SPECIALLY APPLICABLE 
TO WinzLEss TELEGRAPHY AND TELEPHONY. L. Lévy. 
(French Patent 493660, August, 1917. Published August 
19th, 1919.) | 

The object of this invention is to provide a multiple secondary tuning 
with the object of completely eliminating disturbances arising from undesired 
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signals and from atmospherics. A number of successive secondary selec- 

tions can be effected in this manner but generally two are sufficient. One 

typical circuit diagram is given in Fig. 4. 

102. CnvsrAL Detector. Perret-Maisonneuve. (french Patent 
494882, filed January 4th, 1918. Published September 2oth, 
1919.) 

This patent relates to a crystal detector in which the exploring point is 
moved in conjugate circles ; the point carrier is mounted in an elastic sheath 
and compensation for wear is provided. The arrangement is such that the 
apparatus may be dismantled by unscrewing a single screw. 


102. SELF Inpuctance. Lucien Rouzet. (French Patent 495037, 
filed June 15th, 1919. Published September 26th, 1919.) 
This patent relates to a regulatable self-inductance for high-frequency 
circuits. 


о 2 
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104. WIRELESS iN THE А.Е.Е. L. R. Krumm and W. H. Taylor. 
(Wireless Age, 6, pp. 11—18, September, 1919; pp. 9—21, 
October, 1919.) 


A general ac- 
count of the 
radio activities 

A of the American 
Expeditionary 

Force. 
In the second 
C article the 
general layout 
L, of the radio 
communications 
in France is 
JU = Ср given with con- 
siderable detail 


B, L4c L = of the circuit 
d'e M diagrams of the 


! 


K amplifiers and 
other apparatus 
+ о | 5000 used. The 


transmitting 

connections for 

320 v. Co Cs the radiotele- 

phone are indi- 

- с 290990 cated in Fig. 6. 

Lo The receiving 

@ amplifiers de- 

scribed are all 

== of the iron-core 

т transformer 

coupled type for 

low frequency 
magnification. 


195. IMPROVEMENTS RELATING TO TELEGRAPHIC AND OTHER 
INSTRUMENTS AND INsTALLATions. J. Hettinger and 
C. A. Vandervell. (British Patent 130368, January, 1918. 
Patent accepted, August 7th, 1919.) 
Relates to ап optical indicator for multiplex telegraphy or radiotelegraphy. 
Other electrical applications are also mentioned. 


Fic. 5. 


196. IMPROVEMENTS RELATING TO Exectric Retays. L. B. Turner. 
(British Patent 130408, February, 1918. Patent accepted, 
August 7th, 1919.) 


The application of a three-electrode valve to serve as a relay. Use is made 
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of the change in anode current when the tube starts oscillating. The grid 
potential is adjusted to a point just below the value necessary to cause the 
oscillations to start. A small external P.D. applied to the grid causes the 
oscillations to commence and an ordinary relay in the plate circuit to be 
operated, The signalling impulse may be amplified by three-electrode valves 
in the usual manner, before it is applied to the grid of the relay valve. 


197. IMPROVEMENTS RELATING TO RECORDING APPARATUS FOR 
ELECTRIC Current Imputses. The General Electric Co., 
U.S.A. (British Patent 130762, August, 1918. Patent 
accepted, August 7th, 1919.) 

A photographic recorder for wireless signalling systems comprises a tuned 
reed mounted between two permanent magnets and operated upon by 
signalling currents which pass through windings surrounding the reed. 
The reed operates a mirror mounted upon a shaft, and the light from two 
lamps is reflected by the mirror to pass through two slits. One of these 
serves for adjustment only, while the sensitive paper is moved past the 
second. The complete apparatus comprises developing and fixing tanks in 
addition to the electrical mechanism. 


т)3. [MPROVEMENTS RELATING TO WIRELESS SIGNALLING SYSTEMS. 
The General Electric Company (П.5.А.). (British Patent 
130064, January, 1918. Patent accepted July 31st, 1919.) 

À transmitting aerial system comprises a primary aerial supplied by a high 
frequency source and a number of secondary aerials supplied with high 
frequency current by a transmission line from the primary aerial. In an 
alternative construction a long horizontal aerial system is used connected 
to earth through tuning inductances at a number of points along its length. 

The object of the arrangement is to set up in the aerial stationary waves of 

adjustablelength. By altering the ratio of the wave length of the stationary 

wave to the wave length of the wave that is radiated, the whole arrangement 
may be made non-directive, or directive in any particular direction as desired. 

Inductance may be inserted in the leads between the tops of the aerials so as 

to displace the phase of the oscillations in the successive aerials and so aid 

the desired directive effect. 


I99. AERIAL ARRANGEMENTS FOR Lonc WAVELENGTHS. Société 
Frangaise Radioélectrique. (French Patent 493609, Octo- 
ber, 1916. Published August 14th, 1919.) 

In order to increase the inductance of the aerial it is proposed to insert 
inductance coils at intervals along the lengths of the wires. 

200. IMPROVEMENTS IN WIRELESS TELEGRAPH TRANSMITTERS. 
C. S. Franklin and Marconi’s Wireless Telegraph Company. 
(British Patent 128983, September, 1917. Patent accepted 
July roth, 1919.) | 


Wireless telegraph transmitters of the coupled circuit type, particularly 
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those designed to emit very short waves, have the condenser, spark gap, and 
inductance of the primary circuit arranged symmetrically about a common 
axis. The antenna consists of one or more metallic rods arranged parallel 
to the axis of the transmitter, the closeness of the coupling depending upon 
the position of the rods. Alternatively a metallic cylinder enclosing the 
whole apparatus may serve as the antenna. 


201. Рноторномеѕ. Е. Тауаш. (British Patent 128831, November, 
I918. Patent accepted July 3rd, 1919.) 

In photophones and similar apparatus in which selenium cells are employed, 
the effects of lag in the selenium are diminished by a mechanical arrangement 
for periodically substituting a fresh cell for the cell normally in use. The 
cells out of use can recover their sensitiveness in the dark, and it is claimed 
that as a result much more rapid response to the fluctuations of the incident 
beam may be obtained by this arrangement. 


202. IMPROVEMENTS RELATING TO WIRELESS SIGNALLING SYSTEMS. 
The General Electric Company (U.S.A.). (British Patent 
130090, January, 1918. Patent accepted July 31st, 1919.) 

An arrangement for duplex wireless signalling using a separate transmitting 
and receiving aerial at each station. The effect of the emitted waves on the 
adjacent receiving aerial is neutralised by connecting the transmitting aerial 
to the receiving circuits by an arrangement of condensers or by electro- 
magnetic coupling, or both. One arrangement is shown in Fig. 2, of 

Rapio Review Abstract No. 75. 


203. МАУА Rapiro Remote Controzt. Р. H. Boucheron. 
(Scientific American, 121, p. 234, September, 1919.) 

On account of the large increase in traffic being received at the New York 
wireless stations, arrangements have been made for a central control station 
to supervise the whole of the radio communications of the port. The 
following stations are affected: Montauk, Long Island (МАНІ); Fire 
Island, Long Island (NAH2) ; Rockaway, Long Island (NAH3) ; Brooklyn 
Navy Yard (NAH4) ; Bush Terminal, New York City (NAH;) ; Sea Gate 
(NAH); and Mantoloking, N.J. (NAH 7). Each station is told by the 
control which calling vessel it is to communicate with, or any station may 
be directly operated by remote control apparatus from the control station. 


204. INTER-IMPERIAL COMMUNICATION THROUGH CABLE, WIRELESS 
AND Air. C. Bright. (Electrician, 83, рр. 441—442 ; 
464—466, October, 1919.) 


. 


205. TELEPHONE Receivers. André Bloch. (French Patent 
494654, filed April 20th, 1917. Published September 16th, 
1919.) 


This patent relates to telephone receiver head-dress. 
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206. INTERRUPTER. E. Abegg. (French Patent 494908, filed 
January гоЩ, 1919. Published September 24th, 1919.) 

This patent relates to an interrupter in which the elements are formed of 
flexible material having about the same elasticity as rubber, and are adjus- 
table by means of a button so that they transmit movement to the movable 
contacts. The elastic material may be reinforced by metal springs. The 
moving contacts are carried on revolving arms mounted on the spindle of 
the interrupter, and connected to one extremity of a cylinder of elastic 
material which surrounds the spindle, and which is connected at its other 
extremity to means to cause it to turn in steps after a tension has been 
produced in the said cylinder by the rotation. 


207. THE CONTROL or А ТоврЕро ву Hertzian WAVES FROM AN 
AEROPLANE. R. Martin. (French Patent 493731, Decem- 
ber, 1916. Published August 2oth, 1919.) 
The wireless receiving arrangement attached to the torpedo controls 
through the medium of relays the movements of the steering and other 
‘motors and the ignition of the firing fuses. 


208. MOVEABLE APPARATUS CONTROLLED BY ELECTRIC WAVES 
AND SUITABLE FOR Use iN WarRFARE. G. de Trarrazaval. 
(French Patent 493137, November, 1917. Published July 
318, 1919.) 

Engines for use in warfare provided with explosives, etc., and under the 
control of electric waves from a distant point. 


209. A METHOD or MEASURING WITHOUT ELECTRODES THE Con- 
DUCTIVITY AT VARIOUS Points ALONG A Grow DISCHARGE 
AND IN Frames. Balth. van der Pol. (Philosophical 
Magazine, 38, p. 352, September, 1919.) 
The method of measurement used in the course of these researches depends 
on the production of stationary waves along a Lecher system of parallel 
Wires. 


210. ELECTRIC SIGNALLING Apparatus. Oliver Arc Lamp Com- 
pany, Ltd. (French Patent 494608, filed April 20th, 1917. 
Published September 13th, 1919.) 


This patent corresponds to the British Patent No. 104077, and relates to 
apparatus employed in electric signalling. 


211. THE METEOROLOGICAL TELEGRAMS OF THE EIFFEL TOWER. 
(La Nature, 47, Supplement p. 165, November, 1919.) 


Full particulars of the messages and of the codes used, as revised March, 


1919. 
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2. Review of Books. 


Техт Book on WinELEss Тегксварнуү. Vol. I. GENERAL 
THEORY AND Practice. By Rupert Stanley, B.A., M.LE.E. 
(London: Longmans, Green t9 Со. Рр. хш. -+ 471. Price 155. 
net.) 


The first edition of this book was published in September, 1914 ; it was ша 
single volume. The subsequent development of the thermionic valve has led 
the author to issue this second edition in two volumes, the first covering much 
the same ground as the earlier edition and the second devoted entirely to the 
thermionic valve and its manifold applications. 

The book is of the non-mathematical type and the author assumes that the 
reader has a very limited knowledge of mathematics and no knowledge of 
electrical science. The earlier chapters are devoted to an elementary explana- 
tion of the nature of matter, electric and magnetic fields, potential difference, 
etc. We are sorry to see that both here and throughout the book the author 
ignores the recommendations of the International Electrotechnical Commis- 
sion with regard to symbols; this is a serious defect in a book intended for 
students and is sufficient to deter many teachers from recommending it. 
The specific resistance of copper is given as 0:00000066; is the reader not 
expected to know the meaning of 10 9 or is it given in this form to exercise 
him in counting noughts ? On pages 77 and 78 Spielrein is misspelt Spielman. 
The usual formula is given for the inductance of a straight wire J cms. long 
and d cms. diameter, with the usual absence of any explanation or warning. 
Successive chapters are devoted to capacity effects and condensers, induction 
effects, induction coils, alternators and transformers, oscillatory discharges. 
In Chapter X. the author gives an account of the historical development of 
radio-telegraphy. The quenched spark is attributed to Wien without any 
reference to Lepel, although full justice is done to the Lepel system in a 
subsequent chapter. There is little doubt that, although Wien first clearly 
understood and explained the quenching action, the type of gap was due to 
Lepel. One is surprised to read that “in 1913 the Lieben and Reisz valve 
relay with three electrodes was produced and about the same time Dr. de Forest 
patented a similar thing in the Audion valve." Dr. de Forest’s three-electrode 
valve patent was applied for in 1907 and published in 1908. A chapter is 
devoted to the effect of tight coupling in spark transmitters, the meaning of 
decrement, etc. Chapter XII. deals with the propagation of electromagnetic 
waves. Fig. 81 would be improved by indicating the directions of the 
magnetic lines by crosses and dots. When describing the radiation from the 
aerial the author states that ‘‘ as the strain effects move outwards through 
the ether, they will also probably penetrate upwards in it." There is an 
ünnecessary air of uncertainty about this. 

The effects of the resistance of the earth and the conductivity of the upper 
atmosphere are considered in a simple but clear manner. Various spark 
transmitting sets are described and the subject of resonance in the charging 
circuit is considered. A number of practical hints are given dealing with 
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faults in transmitting sets. Fig. 94 showing a quenched spark-gap is unfor- 
tunately upside down. 

Various types of aerials, insulators, etc., are described and Howe’s method 
is given for calculating the capacity of aerials. 

Very full descriptions are given of various types of detectors and receiving 
circuit arrangements. A chapter is devoted to the various methods of pro- 
ducing continuous waves. In describing the discovery of the musical'arc, 
the actual date would be far preferable to the erroneous statement obviously 
carried over from the first edition that it took place fourteen years ago. Arc 
generators are now made for much greater power than 100 kilowatts. 

After dealing with miscellaneous apparatus such as direction finders, 
buzzers, etc., a chapter is devoted to high-frequency measurements. The 
final chapter is a new one on accumulators. 

At the close of each chapter is a useful collection of exercises by which the 
student can test his knowledge of the subject. 

This volume can be recommended to any one wishing to obtain a good 
working knowledge of the subject without going into any mathematical 
theory. 

с. W. O. H. 


Text Book on WIRELEss TELEGRAPHY. Vol. II. VALVES AND 
УлтуЕ Apparatus. By Rupert Stanley, B.A., M.LE.E. 
(London: Longmans, Green 69 Co. Рр. viii. + 357. Price 
I55. net.) 


Mr. Rupert Stanley is to be congratulated on being so early in the field 
with Volume II. of his “ Text Book on Wireless Telegraphy.” Dealirg as 
it does in great part with the three-electrode valve and its applications, 
the subject-matter contains much of the greatest interest, and cannot fail 
to hold the attention of the uninitiated reader, anxious to bridge the gap 
of five years’ rapid development. Mr. Stanley, in his position of military 
instructor of wireless telegraphy with the British Expeditionary Force in 
France, has had most excellent opportunities of handling, testing, and 
comparing the various types of signalling apparatus that have come into 
service during the war and also of entering into what must have been a 
most pleasant and helpful liaison with the French signal service, a liaison 
which has clearly had a very powerful influence on his thought and pen. 

It is indeed refreshing to see such unstinted praise lavished on the French 
“ Service de la Télégraphie Militaire " and its chief General Ferrié, whose 
portrait, admirably reproduced, forms the frontispiece of the volume. No 
praise can be too great and no recognition too full for this devoted little band 
of physicists and engineers, many of high academic rank in French universi- 
ties, working under one of the most able and charming men it has been the 
reviewer's good fortune to meet. 

Mr. Stanley has done well to draw so largely on the numerous military 
publications emanating from the Boulevard de Latour Maubourg. 

It is impossible however, when dealing with the general content of the 
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book to refrain from drawing attention to the extraordinary reticence shown 
in regard to British efforts in the domain of wireless. No one relying entirely 
on the ** Text Book ” for information would for a moment suspect that any 
research or design had been carried out by the British Government along 
lines parallel to the French, since the only British apparatus mentioned—and 
deservedly so—is that of the Marconi Company. Yet there were, in point 
of fact, three large and active Government establishments working for the 
Navy, Army and Air Force respectively, from which the great majority of the 
new wireless apparatus used in the services originated. 

The unfortunate omission on Mr. Stanley’s part of any explicit reference 
to British official apparatus and design detracts considerably from the value 
of his book. 

As for the detailed contents of the volume: in seventeen chapters of 
350 pages the author leads us in pleasant if somewhat discursive style from 
a consideration of the fundamental ever present electron to the part it 
plays in the modern hard valve and thereafter by easy stages to the circuits, 
arrangements and use of the complete valve wireless set. 

The first chapter deals in an extremely elementary way with electrons 
and atomic structures. After reading it, one wonders why the author did 
not seize the opportunity of discussing in detail the emission of electrons from 
hot bodies, a subject which is of such primary importance in the modern valve. 

A few errors have crept into this opening chapter, as for example on 
page 3, where the very under-estimated speed of 50,000 km. per second 
is given for cathode rays in a hard tube, and on page 10, where a few thousand 
volts is given as the gas sparking potential, whereas in reality it may be 
even less than a hundred. It appears to the writer that it would have been 
better to instance the better known Rutherford-Béhr atom model rather 
than that of Vegard. 

Chapter II. contains a good general account of the hard valve and its 
characteristic curves, the excellent mathematical treatment of Professor 
Gutton being first introduced here. It may prove a little puzzling perhaps 
to some readers to see on page 28 two apparently contradictory formule for 
the plate current of a valve, the one proposed by Langmuir, the other by 
Gutton ; the difference between them is hardly made sufficiently clear. An 
historical inaccuracy occurs оп page 34, where the relation imw? = eV is 
attributed to Dr. Eccles—as every advanced student of physics knows this 
very formula was used more than a quarter of a century ago by the pioneer 
workers on the ratio e/m for an electron long before the advent of the valve. 

Passing on to Chapter III., the detecting properties of a valve and its 
associated circuits are here described along orthodox lines. 

There is some ambiguity in the wording at the top of page 40, where the 
author in,explaining that no rectification can occur when working on the 
straight part of a valve characteristic appears to leave the erroneous impres- 
sion that the slope must be 45°. 

Mr. Stanley throughout the book recognises the power of the graphical 
method in explaining qualitatively valve properties and in this chapter uses 
the method. Butin proving, on page 46, the very important proportionality 
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relation between extent of current rectification and the square of the potential 
oscillation a general function is expanded by Taylor’s theorem and high 
terms in the expansion neglected. A much simpler proof involving 1 in the 
long run the same assumptions, and one often more convincing, can however 
be arrived at geometrically ; for if we approximate and suppose that the 
characteristic bend is an arc of a circle, of radius А, then it follows at once 
from the well-known rectangle property of a chord bisected by a diameter 
at right angles, that 2R X (small current change) = (potential change)? 
which is, of course, the desired relation. 

Chapter IV. deals with the various methods of amplifying high frequency 
oscillations. It is not clear why the author separates this chapter from 
the seventh, which (in a more natural position following the section on 
oscillations) deals with the same subject. 

The two chapters together are rich in excellently drawn standard circuit 
diagrams, well explained. Insufficient stress however seems to have been 
laid on the real object of high frequency magnification which is to increase 
the oscillation amplitude until rectification can be efficiently applied. The 
British official types of instrument are here, as elsewhere, omitted. 

Chapter V. gives a further instalment of Professor Gutton's mathematical 
treatment of the valve, now regarded as an oscillator. 

Chapter VI. deals with the use of the valve in low-fréquency amplifying 
apparatus and the standard iron core transformer circuits are clearly 
described. The author apparently considers that the terms “relay” and 
* amplifier ? are synonymous and interchangeable, a point of view which can, 
in the present writer's opinion, only lead to confusion of thought. It 
would be convenient to reserve the term “amplifier” for instruments which 
reproduce a more or less faithful copy on a larger electrical scale of an 
initial varying current or potential—in this class would fall all the valve 
amplifiers described in Mr. Stanley’s book. 

The relay class would include such instruments as the Post Office relay 
and the electromagnetic key. 

The value of the chapter would have been enhanced had the author 
explained the standard method of measuring the amplification produced by 
a polystage amplifier; mention might also have been made of the possibility 
of constructing low-frequency amplifiers using condenser connections between 
the valves instead of transformers. 

Chapters IX. to XI. give a good though incomplete account of some 
standard types of valve. 

Chapters XII, XIII. and XIV. discuss the general arrangements and 
working of continuous wave and telephone sets, with particular reference to 
those sets which the author has himself used. These chapters are less com- 
plete than many of the preceding ones, particularly in the section dealing 
with telephony. Some interesting photographs are added to the numerous 
diagrams. 

Chapter XV. is a short semi-historical survey of the development of high 
frequency transmitters and is interesting in spite of being outside the true 
scope of the book. 
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The chapter includes in passing references to H.F. alternators and methods 
of microphonic control of oscillating currents, but it is disappointing not to 
see here even a short account of the very interesting two-wave system. 

Chapter XVI. gives a very practical account of the earlier earth signalling 
apparatus using buzzer and amplifier. The Government Fullerphone, which 
has revolutionised earth signalling, is not mentioned. 

The last chapter contains a few short and disconnected accounts of various 
apparatus not included in previous chapters, such, for example, as the hetero- 
dyne wavemeter, the telephone “ repeater,” the generation of short wave- 
lengths and some others. 

In conclusion it is the feeling of the reviewer that in spite of the many 
small mistakes that have crept in, and the very regrettable omissions, the 
book will prove useful to those seeking a general acquaintance with the 
subject. 

It is clearly printed on good paper, with a large number of excellently 
reproduced diagrams in the text, and like other books by the same publishers 
is singularly free from printer’s errors. 

R. WHIDDINGTON. 


Correspondence. 


ON THE GONIOMETRIC FUNCTIONS APPLICABLE TO DIRECTIVE 
AERIALS. 


To THE Егітов, THE “ Rapio Review.” 


бік,-І have examined the October, 1919, issue of the Каро Review 
and desire information concerning the first and second pages of the issue on 
which reference is made to British Patent 15527 of July 11th, 1902, to 
A. Blondel, with the statement that this patent refers to radio-goniometric 
closed coil frames. 

On examination of this patent it is not seen that the specification relates 
to coil antenne. 

On page 2, reference is made to German Patent 237,486 of January 15th, 
1910, as describing the use of coil antenna. This number does not refer to 
a radio patent and information is requested concerning the correct citation. 

J. B. Brapy. 

Navy Department, Bureau of Steam Engineering, 


Washington, U.S.A., November 19, 1919. 


To THE Егітов, THE “ Rapio Review.” 


SIR,—In your October issue, on page І, M. Blondel states in a foot-note 
that his British Patent No. 15527 of July 11th, 1902, discloses “ the use of a 
closed frame for radio-goniometric purposes." I have carefully examined 
this patent, but am unable to find any drawing or description therein which 
warrants such a statement. The patent cited is in fact for a system of 
radio-telephony, and so far as any aerials are shown or described, they are of 
the ordinary elevated-conductor-and-ground type. 
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In a continuation of the above foot-note, on page 2, M. Blondel attributes 
to himself, as of the year 1908, the use of “ these frames closed by a con- 
denser,” and gives certain other dates, all apparently as a brief history of the 
loop aerial radio compass. Although I dislike to trespass on your valuable 
space in a mere matter of priority, M. Blondel’s bibliography is so inaccurate 
(as pointed out above) and incomplete as to demand correction. 

My own early publications dealing with the radio compass are given below, 
and so far as I am aware they are the first to describe adequately a coil or 
loop aerial, tuned by a series variable condenser and operating independently 
of a ground connection. 

* An Ungrounded, Closed Circuit for Receiving Wireless Signals," Electrical 
Review, New York, June 15th, 1907. See also editorial note in the same issue. 
An abstract of this article appears in the London Electrician of July 19th, 
1907. 

United States Patent No. 876996, filed June roth, 1907, and issued 
January 2151, 1908. In addition to showing an ungrounded loop aerial, 
tuned by series capacity, this patent also discloses for the first time the 
combination of open and closed aerial reception, often though erroneously 
attributed to MM. Bellini and Tosi. 

* Determination of Wireless Wave Fronts.” Electrical Review, New York, 
October 3rd, 1908. This is an illustrated article, showing a multiturn 
ungrounded loop, one meter in diameter, employed as a portable radio 
compass. 

United States Patent No. 956165, filed September 3rd, 1907, and issued 
April 26th, 1910. This patent shows loop aerials, separated on centres by 
thousands of yards, and coupled by way of phase adjusting means to a 
common or central secondary circuit. It is of passing interest to note that 
this is the arrangement employed by Weagant, and shown in Fig. 4, page 50, 
of the October Rapio Review. 

GREENLEAF WHITTIER PICKARD. 

Newton Centre, Mass., U.S.A. 

November 26th, 1919. 


The above letters have been submitted to M. Blondel, who has replied as 
follows :— 
To THE Егітов, THE “ Rapio REVIEW.” 


S1r,—Replying to your letter I beg to submit the following corrections to 
the citations given in my paper in the Каро Revizw* :— 

Instead of British Patent 15527, July 11th, 1902, read British Patent 
11427/1903, Fig. 7. 

Instead of German Patent 237486, read German Patent 237456, January 
15th, 1910, page 5, lines 88 to 105. 

A more complete list of references to my patents and work on directive 
aerials follows : 

“ The constitution of simple frames with two conjugate aerials ” was first 


* Rapio Review 1, foot-note to pages 1 and 2, October, 1919. 
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described by me in 1902, Belgian Patent of May 28th, 1902. British Patent 
11427 of 1903 covers practically the same subject-matter. The same arrange- 
ments were made the object of a publication in the form of a Memoir presented 
to the Congress of the French Association for the Advancement of the Sciences, 
at Angers in 1903, Memoir No. 138562, page 11 of the reprint; the closed 
frames are there described on page 16. Tests made on the Blondel type of 
closed frames were described in the notice of the French Minister of Public 
Works on the apparatus exhibited by the Service des Phares Français at the 
Franco-British Exhibition in London and at the Exhibition in Marseilles— 
Fig. 5, on page 94 of that Notice, to which the second half of page 93 refers, 
indicates the dimensions given to the directive closed circuit frames. 

The experimental researches on these Blondel frames were carried out by 
le Capitaine du Génie Ferrié, and the installations by Lieutenant Brenot. 
It is shown in the test records held by the latter that the frame comprised 
several closed turns, short-circuited by a capacity, and that in this closed 
circuit sometimes half-wavelengths and sometimes complete wavelengths 
were obtained. 

A fresh reference to this arrangement was made in a German Patent 
(A. Blondel) No. 237456 of January 15th, 1910, page 5, lines 88 to 105. In 
March, 1910, in collaboration with Captain Brenot, with the assistance of 
Mons. Polak and under the direction of General Ferrié, I took up the study 
of closed frames comprising several turns oscillating in complete waves, 
the circuit being closed by a capacity. To obtain the required sensitiveness 
the necessary dimensions of these frames were unfortunately very large, but 
in October, 1915, General Ferrié conceived the idea of combining an amplifier 
with them, thus enabling a considerable increase in sensitiveness to be 
obtained, and the dimensions of the frame to be reduced so that it could 
be freely turned about a fixed axis. 

There is also Belgian Patent No. 169746, “ Improvements in Receiving 
Apparatus for Wireless Telegraphy and Telephony " covering the Thermo- 
. electric Receiver and the Monotelephone which I invented; and American 
Patents, Nos. 824682, and 783992, both of February 7th, 1905, re'ative to the 
use of musical waves for the selection of signals. 

Finally, there is my United States Patent No. 1218237 of November 4th, 
1913, for “А Method of determining the Direction of a Wireless Station 
( phare ’).” 

А. BLonpDeELt. 

Paris. 

December 10th, 1919. 


THE ELIMINATION OF MAGNETO DISTURBANCE. 
To тне Ерітов, THE “ Rapio Review." 


S1r,—In this month's Rapio Review, Captain Robinson refers to the fact 
that, by choosing suitable valves, magneto disturbance can be eliminated by 
adjusting the filament current to a certain value—depending of course on 
the valve in use. Might I offer a possible explanation ? 

The capacity between grid and filament together with their inductance and 
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that of the connections, if adjusted carefully, provide a small oscillatory 
circuit of the frequency necessary to absorb the short waves received from 
the magneto in the same manner as the extra circuit mentioned earlier in the 
article. А very small change in the oscillation constant of such a short wave 
circuit is enough to prevent this absorption. The filament on being gradually 
raised in temperature, expands; this alters the capacity by placing more 
surface in contact with the dielectric and by setting the filament nearer to 
the grid. At a certain point the capacity reaches the required value and 

‘tunes out ” the disturbances. Further increase in the filament current 
throws the circuit again out of tune, and the disturbance reappears. The 
rather sudden action would be accounted for by the sharpness of tuning at 
such high frequencies. 

The slightest differences between valves would be sufficient to throw the 
range of tune outside that required; e.g., the grid support is often of two 
wires twisted together. If the flux used in soldering to the seal worked 
between these wires it would give a different value to WLC, enough to 
destroy the required action. It would be interesting to know whether this 
action of a valve persists or whether the “ tuning current " requires to be of 
larger value as the filament gets “ worn thin.” The rheostat used, too, might 
make it impossible to get the required values of current exactly; the best 
form of filament rheostat would appear to be a continuously variable one, 
such as the form in which carbon blocks are compressed by a screw. 

L. J. Voss. 

Plympton, Devon. 

December 18th, 1919. 


“THE THERMIONIC VALVE AND ITS DEVELOPMENTS IN 
RADIOTELEGRAPHY AND TELEPHONY.” 


To THE EDITOR oF THE “ RApio Review." 


бтв,-- have just read the last volume of Professor Fleming on the ther- 
mionic valve. I am extremely surprised that Professor Fleming does not 
mention any French name acne those of engineers who have studied the 
three-electrode valves. 

(1) After Dr. Langmuir had published the curves of plate current and grid 
current in thé General Electric Review of May, 1915, I published myself, 
before anybody else, in the Electrician of December Ist, 1916 (see also my 
British Patent No. 127318 of April 15th, 1916), the very simple mathematical 
theory of the operation of the three-electrode valve based on the knowledge 
of the slopes of these curves. This my theory is now classical and has been 
reproduced, and possibly developed, by different authors (Hazeltine, van der 
Bij, Carson, Ballantine, etc). But having myself an obvious priority 
founded on a British publication, I feel naturally very much surprised that 
Professor Fleming does not mention my name at all when writing on the 
mathematical theory of the three-electrode valve. 

(2) Referring to resistance amplifiers, I beg to call attention to the fact 
that these amplifiers have been first used and patented by French engineers 
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(French Patent of Péri, February 1st, 1916; French Patent of Beauvais and 
Brillouin, March 20th, 1916). 

(3) Referring to high-frequency amplifiers with iron-core transformers, 
I have been the first to consider them (see my Britisb Patent No. 127318), 
and have furnished a large number to the British forces during the war. 
I cannot admit that the use of iron powder (as known for loading coils) 
instead of sheet iron changes anything in the principle. Furthermore, the 
tuning at every stage with iron-core transformers, as in the amplifier No. 55 
of the Marconi Company (see Fig. 131 of the volume), is described in my 
Britisb Patent No. 130056. 

I have published in the Electrician, of May 16th, 1919, the very interesting 
results obtained with tuned high-frequency amplifiers with iron-core trans- 
formers of my construction. 

(4) It may be that Professor Fleming, the inventor of the valve, has also 
designed three-electrode valves according to Fig. 67 of his volume (page 128), 
but as a matter of fact this type of valve is known as the “ French valve ” 
and covered by the British Patent No. 126658 of Biguet and Péri. 


Marius LATOUR. 
Paris, 


December 29th, 1919. 


The above letter bas been submitted to Professor Fleming, who bas replied as 
follows :— 


To тне Егіток oF THE “ Rapiro Review." 


S18, —M. Marius Latour expresses his extreme surprise to you that I have 
not made геѓегепсе іп my book оп “ The Thermionic Valve" to certain 
French patents or to a paper by him in the Electrician of December Ist, 1916. 
Considering that the said patent specifications or their British equivalents 
were not open to public inspection at the date when most of my book was in 
print it would have been still more surprising if I had mentioned them. As 
regards his paper on which he lays so much stress, owing to pre-occupations, 
I did not happen to notice it at the time it was published, or if I did, I failed 
to make a note of it, as I had then no thought of writing a book on the subject. 

Having now, however, looked at this paper, I: must confess I do not think 
his treatment of the subject in it is so epoch-making or novel that all other 
writers on the theory of the three-electrode valve should consider themselves 
as anticipated by, or under debt to it. The discussion of the problem in 
my book taken from the papers of Vallauri, Hazeltine, van der Bijl and 
Ballantine, with simplifications of my own is, in my view, more elucidatory 
than that of M. Latour. If, however, the opportunity occurs of mentioning 
his contribution to the subject in a second edition of my book, I shall be 
pleased to do it, although I cannot share his opinion as to its fundamental 
importance. As regards the coupling of valves in cascade by resistance 
coupling or iron-cored transformers, or his assumed anticipations of any of 
the types of valve receiver designed and made by the Marconi Company, I 
must decline to be drawn into the discussion of any questions of priority. 
Таз proper place for the settlement of these questions is a court of law, and 
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not the columns of a scientific journal. I have had quite enough of these 
controversies in the past with respect to my own share in the evolution of the 
thermionic valve in which the final conclusion has only been reached after 
judgments given by such courts. 

With respect to his remark on the “ French valve," I knew perfectly 
well in 1917 that a certain type of valve much used in the war was so called, 
but I intentionally abstained from making reference to it by that name, or 
to the origin and use of the valve figured on my page 128 for the following 
reasons: My book was written and almost entirely in print before the 
armistice was declared, and no one knew at that time when the war would 
be ended. It was necessary, therefore, for me to exercise a certain discretion 
in reference to apparatus in actual use in the field of war. Moreover, I did 
. not consider this type of valve involved any great novelty. In 1915, I had 
a “hard” or high-vacuum valve made to my design, having a cylindrical 
anode and a spiral wire grid concentric with the cylinder. 

In my laboratory notebooks І find records of experiments made with this 
valve on January 14th, 1916. Now the British patent application of Péri 
and Biguet was not made until October 23rd, 1916 (No. 15072/16), and the 
complete specification was not accepted until May 22nd, 1919. The specifi- 
cation was not open for inspection until still later. Hence information as to 
it was not until then public property. Ав I had in my possession a valve of 
similar construction, viz., cylinder and spiral grid, made for me ten or eleven 
months previously to the British patent of Péri and Biguet, I could not see 
any good reason for particularly nationalising this type as “the French 
valve," although it had many good points, such as the small bulb and con- 
venient four-pin attachment. 

In any case, the claims of the patent, even from the Convention date, 
would be limited to the precise form of valve figured. After all, the main 
question at issue is whether the author of a book shall retain the right of 
private judgment in the selection of-his material, or whether he shall be 
moved by the possibility of * extreme surprise ” on the part of some one if 
he omits to include all that other writers consider important, or to have 
claims to priority. : 

In this case my book was chiefly written during the greatest struggle in 
history, under a strict censorship, with patent publication mostly restricted, 
information closely guarded, and much knowledge carefully withheld. My 
object was not to give publicity to everything written by every one on the 
subject, but to give as lucid a description as possible of the developments 
and operation of the thermionic valve. 

J. А. FLEMING. 


London, 
January 5th, 1919. 
HARDENING AND SOFTENING OF IONIC TUBES. 
To THE Егітов, тне “ Каро Review.” 


S1&,—The alternative explanation of the changes of gas pressure in 
thermionic tubes elaborated by Dr. Eccles in his suggestive letter in your 
x 
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November number calls for a re-consideration of the grounds on which the 
older view is based, even though no observations contradictory to the former 
explanation be forthcoming. 

The effects in question were systematically investigated by Dr. Bryan 
under conditions differing little from those of modern practice as long ago 
as December, 1914, and the conclusions then reached, namely, that increase 
of anode voltage is followed by disappearance of gas, and vice 0752, have 
been amply confirmed by later work both before and after the stabilisation 
of the vacuum by a suitable “ ageing " treatment was introduced as the final 
stage of the manufacturing process. 

Both theories therefore aim at explaining the same observed facts, and 
these facts may be considered well established. 

Dr. Eccles puts forward the view that the gas when it disappears goes into 
the filament. Ifit does so it is no mere surface condensation that is involved, 
but a dense impregnation of the body of the filament with gas. An example 
will show this. The limiting amount of gas that can be made to disappear 
from the body of an ordinary small bulb of some 80 c.c. capacity is enough 
to produce an increase of pressure of about 4j mm. of mercury in such a 
bulb. This quantity of gas compressed to atmospheric pressure would have 
volume about ninety times that occupied by a filament of ordinary dimen- 
sions, ¢.g. 2:2 cms. long and 0-006 cm. diameter. Again, if this gas were 
supposed fully condensed, with its molecules brought into contact with each 
other, it would occupy a volume of as much as one-fifteenth of that of the 
filament which, on Dr. Eccles’ view, is to absorb it. Now such observations 
as have been made on the amount of gas given out even by a fresh piece of 
metal, such as nickel or tungsten, when first heated in a vacuum, hardly 
approach this quantity, and further, from the fact that subsequent melting 
of the metal need not be followed by any marked additional evolution, it 
seems the metal сап be made to give up the whole of its gas. In face of this 
it is dificult to imagine a filament which is already heated to incandescence 
taking up so large an amount of gas as the hardening of a valve may require. 

The older theory may be tested by means of the same numerical example, 
but before that there is a misconception, from which Dr. Eccles seems not 
entirely free, to be touched upon. 

The effect of the rise of anode voltage in increasing the number of positive 
ions derived from the gas will not be large in an ordinary high-vacuum valve 
even though the rise be from 100 to 2,000 volts, for in the transit across the 
tube of such few electrons as do collide with gas molecules one collision only 
will occur, and in either case that collision will be sufficient to result in 
ionisation, both voltages being far above the critical ionising value. 

It is not, therefore, the anode voltage, but the chance of collision that 
chiefly determines the number of positives, and this chance depends at a given 
pressure on the length of path traversed by the electron. Those electrons 
that travel from cathode to anode by a circuitous route will stand the most 
chance of colliding. On the older theory this is clearly a point of importance. 
Many of the positives will be formed in the outer regions of the bulb, and in 
the cases of puncture cited by Professor Fortescue and Dr. Bryan these ions 
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used to give visible evidence of their undesirable presence by local patches 
of glow. The fate of such ions is much more likely to be impact on some part 
of the walls of the tube than on the cathode. Such impacts are of a violence 
far beyond that of the ordinary impacts to which the pressure of the gas is 
due, but otherwise little is known of their nature. It seems, however, far 
more likely that such ions will become permanently embedded in the cold 
walls than that those which strike the incandescent cathode, the surface of 
which has a very small area, and is also in a state of relatively violent tempera- 
ture agitation, will remain there. 

Nor is the quantity of gas previously considered in any way excessive for 
retention by the walls. On the contrary, if spread uniformly over them it 
would be only a trifle more than enough to form a layer a single molecule 
in thickness. The probable existence of such layers, and their stability when 
formed is generally recognised. It is thus scarcely necessary in the case 
considered to assume that the gas must be able to penetrate into the body 
of the glass. 

It seems reasonable to interpret the following observation, recently made 
in this laboratory, as a visible demonstration of the existence of such a 
surface layer. Ifa valve which has been freed from gas to the normal extent 
by thorough bombardment of the anode is allowed to cool, and then a trace 
of gas is admitted, ¢.g., by heating to the softening point a part of the exhaust 
stem, the anode may present a very curious appearance when bombardment 
is resumed. The surface of the anode is seen to be covered with a very thin 
uniform film of blue glow, like the bloom on a fruit, and this without the 
appearance of any trace of glow in the body of the tube. As the anode heats 
the glow disappears, and does not appear again on repetition of the bombard- 
ment, unless more gas has been admitted in the meantime. The effect 
occurs in spite of the valve being connected to a diffusion pump throughout 
the experiment. This peculiar glow would appear to come from a film of 
газ“ adsorbed ” on the cold nickel surface, and there ionised by the impinging 
electrons. Similar effects have been observed at the surface of fresh glass, 
but were ascribed to a fugitive fluorescence. 

Consideration of relevant facts additional to those taken into account by 
Dr. Eccles in his letter thus inclines to the support of the older view of the 
physical phenomena involved. 

There is a point that appears obscure in the bird’s-eye view of the normal 
working of the valve given in the earlier part of theletter—*' The electron 
flow will be sufficient to prevent the positive ions reaching the cathode in 
any considerable numbers.” Now can the electron flow produce such an 
effect ? It might certainly do something of the kind either by deflecting 
the positive ions from their path towards the cathode, or by combining with 
them, destroying their ionic property, and re-constituting ordinary uncharged 
gas molecules, of which a great excess is present already. 

But to what extent can either of these effects be supposed to be going on ? 
In the first case, the momentum of the positive as it comes up to the neigh- 
bourhood of the filament is greater, many thousands of times greater, than 
that of the electrons in that region, both by reason of its greater mass and 
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by reason of the much greater velocity acquired since its formation. Hence 
if the motion of the positive is to be reversed not one, but hundreds of 
collisions must take place, and we must imagine an electron atmosphere 
near the cathode of a very high density, relatively to the residual gas, for 
instance. The requirements for re-combination are similar, though less in 
degree. Here also the velocity of the positive must be reduced in some way 
to a value comparable at most with the ionisation voltage of an ordinary gas, 
ten to twenty volts or so. 

The question is therefore one of the density of the negative space-charge 
at various distances from the filament outwards, and is one that is easier to 
state than to follow up analytically even did your space permit. Ап investi- 
gation of the matter would make clearer and more precise our mental picture 
of the physical conditions in one of the most important regions in the valve. 

B. S. GossriNc. 

The Research Laboratories of the General 

Electric Company, Hammersmith, 
January то, 1920. 


— (Owing to pressure of space some correspondence has been unavoidably 
held over.—En) : 


ERRATA. 


Page 182, Fig. 1. Transformer Та T, should be a step-up one similar to 
Ty TL 

Page 194. Fig. 5 bas been incorrectly drawn. The proper arrangement 15 
indicated below: 


Я C, " Cz + C3 +: С, +4 Cs 
+ 
8 Е 6 e 2 
i | | | | 


Page 208, Fig. 12. A connection should be taken from the negative side of 
B, to the wire immediately below it—i.e. connecting together the negative 
terminals of B, and B,. 
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A Method of Direction Finding of 
Wireless Waves 
And its Applications to Aerial and Marine Navigation. 


By Capt. JAMES ROBINSON, R.A.F.,-M.Sc., Ph.D. 
(Continued from page 219.) 


4. AMBIGUITY. 


In the minimum method of determining the direction of in- 
coming waves there is always the ambiguity of 180°, and if a 
bearing @ is obtained it is uncertain whether the transmitting 
station lies in the direction 0? or (0? + 180°). 

The present system, when looked at casually, might be supposed 
to increase this uncertainty, so that one cannot be sure whether 
the bearing is 6°, (0 + 90), (0 + 180)? or (6 + 270)°. However, 
on closer observation the two directions (0 + 90)? and (6 + 270)? 
are out of the question. 

The reason why it may be considered to give this uncertainty 
of four directions is that, if the correct bearing is obtained, the 
signals are of equal intensity. At 9o? from this direction it is 
obvious that the signals, on reversal, are also of equal intensity. 
The system of connections in use, however, makes it possible to 
find whether, when using the main coil alone, a signal can be 
heard. When on the correct bearing a signal will be heard when 
on the main coil alone, and this will be of the same intensity as 
the equal signals when both coils are used if, as 1s usually the case, 
the dampings are the same when one coil or both coils are used. 
When on the positions which are 9o? out no signal will be heard 
on going over to the one coil position. It is impossible to make 
this error of 9o? if the method for finding a bearing as described 
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above is followed, where an approximate determination of the 
maximum of the main coil is first obtained. 

There is another obvious method of knowing whether one is 
on the correct bearing or 9o? out. In practice, the coils are used 
with the area-turns of the auxiliary coil two or three times that 
of the main coil. Hence, when on the correct bearing, the set 
is very sensitive, and, when on the position 9o? out, the set is 
very much less sensitive, it being necessary to move the coils 
5° or more without making any appreciable change in the intensity 
of the signals on reversal. 


5. GENERAL APPLICATION oF THE METHOD. 


So far the method has only been described in its relations to 
rotating aerials, but it is capable of application to any minimum 
method of direction finding. In the case of the Bellini-Tosi 
system, where the moving part is a small coil inside the instrument, 
known as a radiogoniometer, the same effect is obtained by rotating 
this moving coil through 360° as is obtained by rotating a single 
loop aerial through 360°. It is only necessary to construct a 
radiogoniometer with two movable coils fixed rigidly at right 
angles to each other, so as to have no mutual induction, one of 
them to be equivalent to the main coil in Fig. 1, and the other 
to the auxiliary coil. Fig. 4 shows the connections. 


To Receiver or 
Amph ier 


Fic. 4. 


Mar., 1920. ROBINSON: Direction Finpinc 267 


M and N are the fixed aerials at right angles to each other. 
O and P are the fixed coils of the radiogoniometer. Q and R the 
aerial tuning condensers. A and B are the two movable coils 
rigidly fixed together. A corresponds to the main coil, B 
corresponds to the auxiliary coil, C is the change-over switch, and 
D the reversing switch, as in Fig. 1, F being the balancing in- 
ductance. For a workable sensitiveness the area-turns of B will 
be made two or three times those of A. 

Another method of applying this system to the Bellini-Tosi 
method is to use two distinct radiogoniometers with the movable 
coils capable of rotation together. The radiogoniometers should 
not have any influence on each other. The moving coil of one 
will form the main coil, and that of the other the auxiliary coil. 


6. D.F. on Атвсвдет. 


The method of direction finding which has just been described 
is suitable for application to aircraft, and in fact was designed 
originally for this purpose. The conditions on aircraft are such 
that a minimum method would be inaccurate, as the external noise 
of the engines makes it impossible to hear weak signals. With a 
minimum method, the region in which the signals are inaudible 
is much wider than in similar conditions on the ground, and thus 
on aircraft it would be much more inaccurate. 

Directional wireless is of the first importance for aircraft for 
the purpose of navigation. The problem of navigation of the air 
presents many features different from those at sea. One that 
stands out clearly is dead reckoning. At sea it is possible to use 
dead reckoning methods, by knowing the course steered and the 
distance travelled. In the air, however, the course steered may be 
quite different from the course made good, and the air speed is no 
criterion for the ground speed, because of the unknown factor of 
drift. Hence the importance of the determination of position by 
any possible method, or failing that, the finding of directions on 
fixed places from time totime. The problem of aerial navigation is 
vast, and it is only proposed here to indicate how this method of 
direction finding acts as an aid to it. 

(A). We shall first consider the case of an aeroplane making for 
a spot where there is a wireless station, which transmits from time 
to time. In such a case the D.F. aerials can be fixed to the 
aeroplane and the aeroplane turned to get its head on to the 
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station. This method of applying the D.F. system, we shall call 
the wing coil method, as the aerials can be most conveniently 
fitted to the wings. 


Fic. 5. 


Fig. 5 shows how the coils can be conveniently fitted. We take 
the case where there are two pairs of struts on each side of the 
fuselage, aa,, bb,, cc,, dd,, being the struts near the leading edge 
and ее, ff,, gg, Ша, those near the trailing edge. The main coil is 
the coil whose maximum is 10 be determined and it must be fixed so 
that its plane is in the fore and aft line of the aeroplane. The 
auxiliary coil is then fixed with its plane athwartships. The main 
coil is usually fixed in two parts, one on each side of the fuselage, 
1.2., some turns on the struts аа, ee,, and some on the struts dd}, 
hh, The auxiliary coil may be in one part only, either on the 
leading or trailing edges, t.e., up hh}, along the upper wing to e}, 
down the strut e,e, and along the lower wing to h. Again the 
auxiliary coil may be also in two parts, a device which is suitable 
for aeroplanes with folding wings. Leads from the coils are 
brought into the fuselage. By this method it is simple to keep 
the head of the aeroplane pointing towards the transmitting 
station, and thus to find the way to the destination. 

It is worth noting that if there is a cross wind, this will make the 
aeroplane drift from its path, and if bearings on the home station 
are taken at intervals, it will be found that the effect of the cross 
wind is to make the bearing on the home station alter continuously, 
and the path of the aeroplane will be curved. A skilful navigator 
can however get some idea of this drift from consecutive bearings 
and apply corrections so as to make his path much less curved. 

The wing coil method can be used for determination of position 
if two or more wireless stations or beacons transmit so that two 
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or more bearings on known stations can be found. It is necessary 
to turn the aeroplane towards or away from the beacons in turn, 
reading the compass in every case when dead on the beacon. 

This wing coil system 1s excellent for head bearings and also for 
tail bearings, but it has not been used much for determination of 
position in the air because of the time lost in turning from one's 
course though good results have been obtained. Very accurate 
bearings can be taken by the wing coils on the ground, by having 
a working party to turn the aeroplane round. There appear to 
be no errors with the wing coils, and in every case when a bearing 
is obtained, the fore and aft line of the aeroplane is along this 
bearing, assuming that there is no error in installing the coils. 
Tests have been made on the ground by taking head and tail 
bearings on a station and recording the direction of the fore and 
aft line of the aeroplane in each case by an accurate magnetic 
compass on the ground. Within the limits of accuracy, the 
bearings differ by 180°. In one particular case with the ratio 
k = 4, the head and tail bearings were within 27 of 180°. 

(B). For the more formal problem of 522. it is advisable 
not to have to turn the aeroplane from its course in order to 
determine its position, or even to determine a single bearing. 
Then it is essential to make the D.F. system with the moving 
parts capable of rotation apart from the aeroplane. This is done 
by installing D.F. coils on frames that can be rotated inside the 
fuselage. We shall refer to this system as the fuselage coils 
system. By it, bearings can be taken no matter what course the 
aeroplane is on, and position determined if a sufficient number of 
bearings be taken. The problem of working out the bearings 
and thence of working out position is a well-known problem of 
navigation and will not be gone into in detail here, but certain 
features that are of interest from the wireless aspect will be dealt 
with. 

The size of coils that can be used inside the fuselage of aeroplanes 
is not large, even with the largest aeroplanes known at present. 
With the ordinary Handley Page, the framework of the coils is 
about 4 feet 6 inches high X 3 feet 4 inches diameter. 

On smaller machines the coils are proportionally smaller and 
in one case coils 2 feet high and 2 feet diameter were successfully 
used, In any case the coils give much weaker signals than the 
wing coils, as the area turns are very much less. 

Determination of position is similar to the method of sights 
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used at sea except that for long distance bearings great circles 
must be considered. 

The direction of the incoming waves is determined with regard 
to the fore and aft line of the ship, and recorded red or green for 
port or starboard. Knowing the course steered by the aeroplane, 
the direction of the incoming waves is determined. In practice 
certain corrections have to be applied, 

(a) The magnetic variation. 

(b) The deviation of the compass ; and 

(с) The quadrantal errors of the D.F. coils, t.e., the angle 
between the direction of the waves in space and the apparent 
direction recorded by the coils (see below). 

Great care is needed in taking these bearings, especially if the 
beacon is a long distance away. For a distant beacon, an error 
of 2? means a large error in distance. It must be remembered that 
it is a very difficult matter for a pilot to keep a course steady to 17 
for a lengthy period. Again the navigator’s compass so far used 
has not been perfect. Again bumpy weather makes it difficult 
to keep the course steady and each bump makes the compass 
move. Once the compass starts moving it usually takes a little 
time to come to rest again. A considerable amount of training 
is required for an observer to take a bearing by his D.F. coils and 
to get a reliable reading of his magnetic compass at the moment 
his bearing is taken. 

In order to lay off a bearing on a chart it must be remembered 
that the path of electromagnetic waves is a great circle, and if a 
bearing of 6° is found on a certain beacon, this means that the 
aeroplane lies on the great circle passing through the beacon and 
crossing the meridian of the aeroplane at an angle of 6°. It is 
found that it is possible to draw a line on a chart so that at any 
point on this line, the bearing on the beacon is 6°. Such a line 
is called a line of equal bearing. Charts are made with these lines 
drawn for various beacon stations. | 

Quadrantal errors must be carefully determined. They vary 
with the direction in which the waves strike the aeroplane. They 
are equivalent to a deviation of the waves by the aeroplane, this 
deviation depending on the direction of the waves. They may be , 
due to one of two causes, or probably to both causes :— 

(2) Actual deviation of the waves by the metal parts of the 
aeroplane, more especially by the engines and tanks. 

(b The fact that the metal parts of the aeroplane absorb 
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energy from the waves, part of which energy is re-radiated in a 
definite direction. 

Evidence seems to point to the fact that the second cause 
accounts for most of the deviation. 

The nature of the quadrantal errors is as follows :— 

The errors are zero in the fore and aft, and athwartships direction, 
and a maximum at the 45? and 135? directions from the fore and 
aft line. A large number of different Handley Page aeroplanes 
showed the same characteristics, though the actual magnitude of 
the deviations varied somewhat from machine to machine. In 
most machines however, the maximum errors were 8° or 9°, 
though in one machine they were as low as 3°. In another type 
of aircraft, the flying boat, the maximum errors were 3°. These 
errors are independent of the wavelength so far as our observa- 
tions have gone, using waves from 2,000 to 8,000 metres. The 
errors are usually of the same magnitude in opposite quadrants, 
though at times it is found that this is not the case. 

The method of determining the quadrantal errors is to swing 
the aeroplane and take bearings on the same beacon station, 
every ІО? or 20° as the aeroplane is rotated. Knowing the correct 
bearing, the errors for each position can be calculated. | 


7. DESIGN or CoILs FOR ANY WAVELENGTH. 


(1) Energy absorption by loops.—The E.M.F. picked up from 
electromagnetic waves by a loop depends on many factors but 
it is always of a small order of magnitude compared with that 
which is picked up by an ordinary plain aerial. Attention must 
thus be paid to many points in order that the best possible results 
may be obtained. It is usually necessary to use amplifiers in 
order that signals may be heard at all. Careful attention must be 
paid to such things as insulation, good contact, and accurate tuning. 

(2 The E.M.F. depends on the dimensions of the loop and on 
the number of turns. Within fairly wide limits it is safe to assume 
that the E.M.F. is proportional to the area-turns of theloop. There 
has been a suggestion of a possibility that this proportionality 
does not continue as the number of turns is increased indefinitely, 
and that the E.M.F. approaches a maximum value above which 
it is impossible to go, no matter how many more turns are used. 
The writer has had no experience of this and for the coils used in 
practice it is not far from the truth to assume proportionality 
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between E.M.F. and area-turns. As many as fifty turns have 
been used on occasions but as a rule fewer turns are used. 

- One of the first points in design is that the dimensions of the 
coils shall be as large as permissible, and that as many turns as 
possible shall be used. 

(3) The number of turns that can be used is limited by the fact 
that inductance increases almost as the square of the number of 
turns. In order to have good tuning, a certain condenser value 
must be used, this value being small. It 15 found in practice that 
there is a best condenser value for each wavelength and that very 
little if any advantage is obtained by increasing the number of 
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turns above that which gives this best condenser value. Another 
factor which limits the number of turns is the self capacity of a 
coil. This is of such importance that a loop consisting of a few 
turns has a definite wavelength when used without any tuning 
condenser, this wavelength being the lowest that it is possible to 
obtain. In order to keep the self capacity down, it is necessary 
to space the turns. 

(4) To calculate the number of turns required for any specific 
conditions, 7.¢., when the wavelength and outside dimensions of 
the coil are given, certain formule are in existence which give the 
inductance of a single turn of a square, rectangle or circle. Square 
or rectangular coils are used most, so we shall restrict ourselves to 
these cases. The formula which has been used for a square coil 


is L= 18:494a (log, 4+ 0-4348 7 — 0:8361) where a= side of 
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Square in cms. r = radius of wire in cms. From this formula 
curves, shown in Fig. 6, were made out for convenience. Three 
curves are shown :— 

(а) One showing the microhenries per turn for a square of side 
up to 300 cms. 

(b One showing the number of turns required to give 1,000 
microhenries for squares of side up to 300 cms. 

(c) One showing the area-turns of such coils. 

In practice it is found that when coils are made from these 
curves, the inductance is usually less than that required, by 
about I2 per cent. This may be accounted for, in part, by the 
fact that it is necessary to space the turns somewhat to keep down 
the self capacity and thus the inductance is not really proportional 
to the square of the number of turns. 

It is observed however that there is a great advantage in keeping 
the size of coils as large as possible as the area-turns increase 
with the size of the coil. 

In order to design coils for a given wavelength, certain capacities 
have to be allowed for, the values varying from o'2 jar for a 
wavelength of 400 metres to об jar for a wavelength of 4,000 
metres. 11 

It is worth noting that it is unwise to use twin flex for the leads 
from the coil to the condenser or receiver, because flex has appre- 
ciable self capacity. 

For rectangular coils, approximate values can be obtained by 
using the above curves and using the side of the square which 
has the same area as the rectangle, alwavs assuming, of course, 
that the rectangle is not too elongated. It is safe enough to use 
this device for rectangles whose long side is not more than four 
times the short side. 

(5) It will now be shown how to calculate the number of turns 
on the main and auxiliary coils for any specific conditions. 

The wavelength being given, the capacity to be allowed is 
chosen to be somewhere near its best value. From this, the total 
inductance can be calculated. Let it be L microhenries. 

Let the length of the side of the equivalent square of the main 
coil be a cms. and that of the auxiliary coil b cms. 

Let there be па turns on the main coil 

and Мә 5». » auxiliary coil. 

From Fig. 6 the inductance per turn for squares of sides а and b 

can be found. Let them be 
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И microhenries for the main coil, and, 
lə ) » auxiliary coil. 


Suppose the ratio of the area-turns of the auxiliary to main 
coils is chosen to be k. 


We have па? = area-turns of main coil. 


Wb m ә; „ auxiliary coil 
and Кто? = пәр? 
giving по = а Mı 
ave 
where a=k (2) 


The total inductance L = m? 1, + nel, approximately 
L = nj (L + a2 lə). 
As L, l and 1, and a are known, m, can be calculated, and thus 
also Па. 
(6) There should be no mutual induction between the main 
and auxiliary coils, in order that the tuning may be unchanged 
on reversing the auxiliary coil. 


8. Types or Colt. 


From the paragraph on design of coils it is shown that the points 
to pay attention to are :— 

(4) The turns must be spaced so as to keep down the self 

capacity. 

(b) The area-turns should be as large as possible for the wave- 

| length to be used. 

(c) The auxiliary and main coils should be as nearly perpen- 
dicular as possible, so that there is little or no mutual 
induction between them. 

Three patterns of coil have been used :— 

(1) Box pattern.—This type has the separate turns of a coil 
parallel to each other and in parallel planes, the planes being 
separated Бу 4 inch to 2 inch. 

(2) Pancake pattern where each coil is wound with the turns all 
in the same plane. 

(3) Combination of box and pancake pattern.—The idea under- 
lying such a combination is to get the area-turns as large as possible 
for the given wavelength. This is equivalent to a number of 
parallel pancakes, and there is so much more space for winding 
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than in either the box or pancake pattern alone, that it is possible 
to leave greater distances between the turns. This is of advantage 
in two ways, firstly the inductance for turns is smaller than if 
the turns were bunched closer together, and, secondly, the self 
capacity is reduced. In practice so far, only two parallel pancakes 
have been used. 

In a subsequent paper some results will be given of the applica- 
tion of this method of direction finding to wireless navigation with 
especial regard to aircraft. 

My best thanks are due to Major J. Erskine Murray, D.Sc., for 
the interest he has taken in the development of this method of 
wireless navigation, and for advice given on many occasions. 


APPENDIX. 


- Note on the relation between the area-turns of a loop and the 
E.M.F. picked up from electromagnetic waves. 

It has been assumed in the preceding paragraphs that the 
E.M.F. picked up is proportional to the area-turns of a loop. 
This law seems to hold when the number of turns in a loop is 
not too large, say up to forty turns. The following experiment 
proves this. 

Referring to Fig. 3 we find that the curves cc, and dd, cut the 
axis of E.M.F. at the points 5 and T. Let the angle represented 
by SO and TO be 02. 

Curve cc, is Y, = a cos 0 + b sin 0 

» (44416 Y} = a cos 0 — b sin 0 

For Y, or Y4 — 0 we have 


tan 0 — qe 
b 


This ratio 7 is the ratio of the maximum E.M.F.’s produced 
in the two coils. 

Now k is the ratio of the area-turns of the auxiliary and main 
- coils. Hence if 


NE 
tan 0 ---- 
k 
the above assumption is correct. 
This is found to be the case within 3 per cent. for coils with turns 


up to forty. 
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The Effect of the Potential Drop along the 
Filament of a Valve on its Sensitiveness as a 
Detector.” 

By E. GREEN, M.Sc. 


This article is in the nature of a note on the papers by Dr. Eccles in the 
October —December issues of the Каро Revrew, and will follow his nomen- 
clature as far as possible. 

The effectiveness of a valve, as a rectifier (or detector) of small alternating 


; ; d?I ; : ВИЕ 
currents is proportional to the value ої 2 pi for that point of its characteristic 


at which it is used. Here J, is the plate current, and Е the voltage at plate 
or grid, according as it is a diode or triode. Z.e., if e is the maximum value 
of the small alternating voltage at plate or grid the rectified current is 
1 421 
T. 26 “тте e є? е e . . . . . . . (1) 
4 dE 


Case of Diode. 


We can apply this to the formule given by Dr. Eccles. First consider the 
case of a two electrode valve (a diode), consisting of a cylindrical anode, 
and an axial filament of length |. Let 7, = electron current drawn from unit 
length of filament by voltage ea. Г, = total current from filament. Then 
we have 

tq = Ае 
where A is a constant and fta, €a, refer to any particular corresponding parts 
of filament and anode. Now assume that the filament is all at one potential, 
so that % апа ед? are constant throughout its length. 


I,=A.l.e3 . . . e E . . . (2) 
and Фа 3 A.l. 
de?  4' e, 


This has its maximum value when ёд = 0. In practice the alternating 
. б б е deI 
voltage esin wt is of finite amplitude, and we cannot use 7: 2 to find the 
a 


rectified current when eg = 0 but we can get an approximate value as follows. 
During half the cycle the current will be Al(esin cot), and zero during the 
other half-cycle. 
1 7T 
.". Rectified current = 1 4.1. е М sin 3 040 
0 
and sin 0 = 5130 = 5120. 


* Paper received January Ist, 1920. 
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1 4T 1 4T 7T 
yo es sin 090 >3| sin? 040 zal sin?0d0. 
7T 7T 0 T 


0 0 


кі 


77 
" E | sin? 040 lies between 2 and l 
TIo T 2 


*. Rectified current lies between 14 .l.€ and zd .l. d, 


We will take the smaller value. 
If however the voltage drop along the filament is e, and the anode battery 


is connected to the negative end of the filament, the voltage between anode 
and filament at any point, distance z along the filament from the negative 


end, will be e; — e, . xjl. 


8 
ia = A (ea — ei) 
І "T 
and n= |ае-е D de x. xe cue ox x С, 
я 0 
2 A.l 
lg. [ed — (ea — ei] т 0) 
47, 3 A.l 
ы =3- <> [at — (ea — eD) ОИС 


When e, < e, only that part of the filament for which С — 23 is positive 


will contribute to the electron current. 


29 АЛ. di, 


A.l. 
dag. е, de? C ox. wo 4 (6) 


е, 


ы 
=5. 


d*I, е е е 
Непсе 222 continually increases as 64 increases, as long ав ед < ey. 
a 


а21, 3 L. 
When es > е, qe? = Э SL [ed = ees 27 


2 


Ы . е д T. ө е 
This expression decreases as 64 increases, and therefore 222% has its biggest 
4 


value when eg = 6» At that point 


А.1., 
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_ Rectified current with no potential drop in filament _ 
` Rectified current with potential drop in filament — 


1 2:29 1- — TENE 
14.1.е Ха: J A “ (7) 


Апа, as є may be very small compared with є, p vh of this may be 
large. 


Case of Triode. 


Exactly analogous reasoning applies to the triode valve. If 4, = anode 
current per unit length of filament, ед = anode voltage, e; = grid voltage 
then neglecting и drop along filament, 


ит 4.1. («а + 96) = А.1.ей . . . . (8) 
where A is a constant, and e; = (ел +- ge,) and is the lumped ere 
Taking potential drop along filament into account, the lumped voltage 


at any point is (е, +g . 6) — (1 +9) 6 T Eines v7 


Й 
уеге e; = (1+ 9) е анн) 
rl 


a= | Ala ett Ü UE зан: o 


Comparing (8) and (9) with (2) and (3) we see that they are exactly similar 
in form with e; in place of eg and е, in place of 6. 


*. we have a relation similar to (7): 
Rectified current with no potential drop in filament _ 
Rectified current with potential drop in filament 


NE =3 ИДЕ, . (10) 


Here e; = g.e is a small change in е; where е is the change in grid voltage. 

Therefore in a triode for use as a rectifying detector, it would be a great 
advantage if the potential drop along the filament could.be compensated for, 
or minimised, as much as possible. G. A. Bauvais has patented an arrange- 
ment whereby a current is passed through the grid wire, which is in the 
form of a spiral; and so the drop along the filament could be compensated 
for. Unfortunately the capacity of the grid battery would go far to neutralise 
the gain in sensitiveness. In some of the audions of the Western Electric 
Co., with plane grids and anodes, the filament is composed of several wires 
in parallel, and in this way e, is reduced, and the detector sensitiveness 
increased. The writer is fully aware of the many other considerations 
which enter into the question when using a valve in an actual receiver, but 
still it seemed of some interest to show the effect of the potential drop along 
the filament in reducing the sensitiveness of the valve as a detector. 
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The Coupling of Multiple-Stage Amplifiers: 
By THE EDITOR. 


Although thirteen years have elapsed since Dr. Lee de Forest 
invented the three-electrode thermionic valve, or audion, or triode, 
and described its use as a detector in precisely the same way as it is 
usually employed at the present time, it is only during the last six years 
that it has attracted the attention that it deserves. Few scientific dis- 
coveries have given a better return for the attention devoted to them. 
The possibilities of the audion and oscillion, —to use the names given to 
them by de Forest, than whom no one had a better right to christen them, — 
were just beginning to be appreciated when war broke out. In Germany 
it was regarded as too experimental and untried for it to be seriously con- 
sidered during the early stages of the war, and little was done to develop it 
until it was found that, in the hands of the Allies, it had been developed into 
a reliabe apparatus which was revolutionising the whole art of radio- 
communication. Not only in the United States, which as a neutral had 
every opportunity and inducement to develop the triode, but also in this 
country and in France a great number of physicists, radio engineers, and 
lamp makers were engaged in the development of the valve itself, its manu- 
facture on a large scale, and the design and construction of the circuits and 
auxiliary apparatus for its various applications. 

It will thus be seen that the triode has had the fortune—good or bad— 
to be developed almost entirely under war conditions and for the purposes 
of war. This fact has had a marked effect on the lines of development and 
has been the controlling factor in bringing triode apparatus to the form in 
which we have it at the present day. For the purposes of war apparatus 
must be, before all else, robust, simple in operation and as small, light, and 
portable as possible. The seven-valve amplifiers, consisting of say three 
high-frequency and three low-frequency amplifiers together with the detector, 
all mounted in a small box containing all the auxiliary apparatus, represented 
a marvellous achievement, which was not obtained without surmounting 
numerous difficulties. : 

Now that the war is over and this class of apparatus is being put to more 
peaceful uses, one cannot but ask whether, in many cases where portability 
and compactness are of secondary importance, better results could not be 
obtained by arranging the apparatus and dimensioning the parts differently. 
Very little has been published with reference. to the relative merits and 
demerits of the various methods of coupling the successive triodes in a 
multiple-stage amplifier. In one method a non-inductive resistance of 
between 20,000 and 100,000 ohms is inserted in each anode circuit, one end 
being connected to the positive terminal of the anode battery, whilst the 
other end is connected to the anode and through a condenser to the grid of 
the succeeding triode. The high-frequency variations of the P.D. across 
the resistance are thus impressed on the grid. The condenser can be omitted 
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if each triode has its own anode battery since the tapping can be made so 
that no steady P.D. is applied to the grid. At first sight one might think 
that such an arrangement would be independent of frequency, but such is 
not the case since the resistance is shunted by unavoidable capacities, the 
effect of which increases with the frequency. In the other and more 
commonly employed method a transformer is used and the grid circuit is 
thus electrically independent of the anode circuit except for the electro- 
magnetic induction ; no grid leaks are necessary and the grid voltage can 
be adjusted to any desired value. At one frequency the inductance of the 
primary of the transformer in combination with its self-capacity will form 
a resonant circuit, with a large current in the coil but a small current in the 
anode circuit. If the resistance В of the primary is small, its apparent 
impedance at this frequency will be w*Z?/R, which is very large if В is very 
small. Under these conditions the apparent impedance will vary greatly 
with the frequency. 'To remedy this the coil must be degraded ; this can 
be done in several ways; for instance, by winding it with high resistance 
wire or by shunting it with a high resistance, or again, by providing it with 
an iron core in which losses occur, or even by providing a tertiary winding 
short circuited through a suitable resistance, or wound with high resistance 
wire and short circuited on itself. 

Which is the preferable method and what are the main considerations 
that should guide one in designing the transformer in any one of these cases 
in order to obtain the best results with the minimum outlay? Should 
toroidal coils or astatic grouping of “ D" or other shaped coils be adopted 
to reduce stray fields ? What are the relative merits of various types of 
coils with respect to the effects of self-capacity ? If tappings are brought 
out from large coils so that they may be used for short and medium wave- 
lengths, are the results obtained inferior to those obtained with specially 
wound small coils?  Iron-cored transformers have been proposed and 
used even for high-frequency amplification. In this case the laminations 
employed should not exceed about a twentieth of a millimetre in thickness. 
In any discussion of the merits and demerits of such transformers it must 
be borne in mind that with stations working at such wavelengths as 15 to 
20 kilometres, the frequency is less than 20,000, which is approaching the 
audible limit. Itis quite possible that for such low radio-frequencies iron- 
cored transformers could be employed with advantage. In all iron-cored 
transformers, whether for frequencies of 1,000 or 20,000, further problems 
arise, such as the effect of the fineness of lamination of the core, the 
quantity of iron which gives the best result, the relative advantages of 
open and closed magnetic circuits, the best ratio of turns for a given valve 
characteristic, and so on. These are some of the problems needing 
elucidation by systematic experimental investigation and it is hoped that 
these notes will lead to such research being undertaken, and also to the 
publication of results already obtained. Much work has undoubtedly 
been done already but in spite of the flood of thermionic literature which 
has been poured forth in every country, remarkably little has been published 
on the practical points mentioned above. 
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Wireless Telephony on Aeroplanes.* 
By Major C. E. PRINCE, O.B.E. 


This paper gave a brief summary of the subject of wireless telephony 
as used on aircraft. Since the use of wireless telephony on aeroplanes came 
into being almost entirely during the war the treatment given necessarily 
largely dealt with the developments of the subject by the R.A.F. 

Soon after the outbreak of war an experimental set was made up and tried 
out in the air, and at the first tests some approximation to intelligible speech 
was received. This, in the summer of 1915, is believed to be the very first 
occasion in the world when wireless speech was received from an aeroplane. 
In the early stages the difficulties of reception of speech in the air were so 
great that only transmission from the air to the ground was attempted, and 
the first practical set evolved was a transmitter capable of employing either 
Speech, continuous waves, or interrupted continuous waves (subsequently 
called “ tonic-train "). In this set an ordinary inductive reaction coupling 
was used between the anode and grid circuits of the oscillating valve. The 
anode circuit was tuned by a variable condenser and inductively coupled 
to the aerial circuit. The high tension voltage was 600, and was supplied 
from a dry battery of small cells weighing about 36 lbs. Some of the best 
ground microphones proved useless in the air and the choice finally rested 
on an old type Hunnings Cone. The above set weighed то lbs. without 
batteries. It was used on a trailing aerial 250 feet long and employed a 
wavelength of approximately 300 metres, which was not very far removed 
from the natural wavelength of the aerial. 

This apparatus was exhibited at the meeting, as well as an interesting 
collection of other and later sets. 

Reception on the ground was first carried out with a Marconi double 
magnification circuit in which a single soft valve was employed for both high 
and low frequency magnifications and a carborundum crystal was used 
for rectification. Reaction was used to the utmost, and great sensitiveness 
was obtained. The ordinary working limit of range from air to ground was 
about twenty miles for telephony, thirty to thirty-five for tonic-train, and 
about double this distance for pure continuous ae Signalling from 
ground to air was carried out by telegraphy with a % kw. spark set. 

Later on a demand arose for communication В ереси machines in the air, 
but for a long time there was still no demand for both-way working, and the 
machines were equipped either for transmission (for the leader to give 
orders), or for reception (for his formation to receive them). Dealing first 
with the transmitting apparatus an ordinary reaction or regenerative circuit 
provided the radio power, but the main electrical difficulty was the choice of 
the best method of applying the voice modulations. The earlier coupled 
system was ruled out on account of the complication of the coupling and 
tuning adjustments. The development of the “choke” or “ constant- 


* Abstract of paper read before the Institution of Electrical Engineers (Wireless 
Section), on February 18th, 1920. 
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current " method of modulation control was traced in detail in the paper, 
leading up to the final simplification in which a common high tension battery 
was used for both the modulating and the power valve. The circuit arrange- 
ment finally adopted is indicated in Fig. г. V, is the oscillation valve having 
its anode circuit closed through the aerial inductance L,, and its grid coil L, 
inductively coupled to the anode circuit. V, 15 the modulation valve con- 
trolled by the microphone M. The choking inductance Ly is included in the 
common output circuit of the high tension battery B,. When variations take 
place at speech frequency in the 
controlling valve anode circuit, very 
large surges are set up in the anode 
circuit of the power valve which may 
approximate in magnitude to the 
original H.T. potential and thus 
modulate the output from nearly 
double its steady value to almost 
zero. This choke control proved 
pre-eminently suitable for air work- 
ing and no other method of modula- 
tion survived in competition with 
it. The action of the choke coil was 
subsequently investigated in greater 
detail and it was found that for a 
sound frequency of 750 per second 
an inductance of not less than five 
henries was required. Resistance as such was always detrimental. 

In the general layout of the set on the aeroplane things were so arranged 
that the apparatus proper could be mounted in any convenient position at a 
distance, while only a very small control unit for operating it was brought 
within reach of the user's hand. This simplification proved very essential 
for aircraft work and it is probable that much of the British lead was due to 
consistently designing to fulfil at all costs the needs of actual service conditions 
rather than to a laboratory standard. Considerable difficulties were ex- 
perienced in the design of a suitable microphone set and best results were in 
the end obtained with a microphone which was devised to be almost insensi- 
tive to sounds of the intensity of the disturbing noises but responsive to 
the powerful concentrated sound waves of a voice impinging upon it from a 
veryshortdistance. This instrument appeared curiously dead and ineffective 
on the ground, but nothing else was able to work so effectively in a noisy 
machine. 

The difficulties in the design of a receiving set for use on aircraft need 
no emphasis when the general uproar of the engine and wind is remembered. 
It was only comparatively lately that high frequency magnification became 
sufficiently manageable for introduction into aircraft. The arrangement 
which survived consisted essentially of a detector valve with reaction and 
two note magnifications. The detector valve was energised from the aerial 
through a so-called aperiodic circuit which was really a circuit approxi- 
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mately syntonised by 
its self-capacity. This 
arrangement was 
found. to reduce 
magneto noises con- 
siderably. Reaction 
was controlled by 
varying the filament 
brightness, firstly 
because this involved 
only a small control 
unit near the user, 
and secondly because 
altering the reaction 
in this way caused 
less disturbance to 
the wavelength. The 
effect of this control 
was demonstrated at 
the meeting. The 
generallayout of the 
receiving circuit 15 
indicated in Fig. 2. Fic. 2. 


(Zo be concluded.) 


Measurement of the Chief Parameters of Triode Valves.* 
By Prof. W. H. ECCLES, D.Sc. 


When a tube is about to be put into use we require to know one or two 
commonplace facts concerning it, such as the appropriate filament 
current and voltage which are easily found out or can be supplied by 
the maker. But there are other properties of the tube—such as the voltage 
ratio under conditions of normal use—which usually have to be specially 
measured and which are essential for the formation of an accurate forecast 
of the performance of the tube in particular applications. A large number 
of parameters have been suggested for expressing numerically the various 
properties of triodes, but not all of them are equally important nor are all of 
them independent. In this paper attention is devoted to parameters 
belonging purely to the tube. Mixed functions of the tube and its circuits 
can usually be deduced from the data of the circuits and of the true para- 
meters of the tube itself. 

At any given filament voltage or current the principal parameters of the 
triode are :— 

(1) The coordinates of the mid-point of the straight part of the lumped 

characteristic. 


* Abstract of paper read before the Physical Society of London on January 23rd, 1920. 
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(2) The voltage factor g. 

) The differential coefficient dtg/deg or ha. 

(4) The differential coefficient dig/de, or hy. 

The last-named parameter is not independent of the preceding two, since 
hg = gha- 

From a knowledge of these magnitudes the main aspects of the behaviour 
of the triode when connected to any kind of apparatus can be calculated. 
All of them can be deduced from the characteristic curves of the tube, but 
as the drawing of a number of complete curves is laborious, various methods 
of directly determining the most important parameters are indicated in the 
paper. 

Direct-current methods of carrying out these measurements have certain 
advantages over methods using rapidly alternating currents and a telephone 
receiver, although they are not so quick and convenient. The use of alter- 
nating current frequently gives rise to accidental electric and magnetic 
coupling between portions of the same and other circuits which interfere 
with the accuracy of the measurements. 

The coordinates of the mid-point of the straight part of the lumped 
characteristic may be determined by connecting a shunted galvanometer of 
low resistance into the anode circuit of the tube and increasing the anode 
voltage until the current as indicated by the galvanometer ceases to increase. 
Resistance may then be added to the anode circuit until the galvanometer 
reading is reduced to one-half of the saturation value. Calling this current 
of half the saturation value, %, the anode circuit voltage E, and the resistance 
added to the circuit R, the required coordinates are 2, and e = E — Ri. 
It should be noted that the value of е obtained in this manner is a lumped 

BN z " voltage and that it may be made up 

to o= by any anode voltage and grid voltage 

that satisfy the equation €a + дер = ey 

where e, is the anode voltage and 

€; the grid voltage and g the voltage 
factor as defined above. 

Special circuit arrangements are 
given in the paper for determining 
the values of ha, hg and g by direct- 
current methods. These arrange- 
ments are of a very similar nature to 
those described by S. Ballantyne,* 
the chief difference being that direct 
current is used instead of the varying 
currents as described by Ballantyne. 

The three methods of measurement described may also be carried out by 
the aid of a single piece of apparatus connected as indicated in Fig. r. A 
special feature of this arrangement is the six-point switch S, which in the 


* “The Operational Characteristics of Thermionic Amplifiers," by S. Ballantyne, Pro: 
ceedings of the Institute of Radio Engineers, 7, pp. 129—186, April, 1919. 
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apparatus described was made with mercury cups in order to ensure good 
contacts. With the switch in the left-hand position the connections are as 
required for determining hg, balance of the galvanometer being sought for 
in both the up and down positions of the key K, adjustment being made by 
varying Ва and В while В, is given any desired fixed value. The value of 
Ла is then given by ha = R/R,R,. When the switch is in the right-hand 
position ^, may be determined by balancing the galvanometer for both the 
up and down position of the key K, by adjustment of A, and Ва. E should 
be given some definite small value and R, should be made zero. The value 
1 
Ry + + (ES Ry 
should be made zero, the key K left up and the galvanometer balanced for 
the switch S, in either the right or left-hand position by adjustment of 
the values of В, and А. Thevalueof g is then given by the ratio of R,to R. 


of Aj; is then given by hy = To determine g, R, 


In the discussion Professor С. L. Fortescue said that the methods described should give 
great accuracy, but as they would be sensitive to very small variations of the filament current, 
he did not think that the author had sufficiently emphasised the importance of maintaining 
the filament current at a predetermined value. He also thought that for practical purposes 
one would frequently want to test the complete characteristic of the valve rather than deter- 
mine these isolated quantities. 

Professor С. W. O. Howe said that the suggestion of a single “lumped " characteristic 
was attractive, but that in practical work 1t was very desirable to have the various charac- 
teristics for each grid voltage. He also, together with Professor O. W. R1CHARDSON, criticised 
certain statements made in the paper as to the application of Ohm's Law to valve charac- 
teristics. 

Mr. Е. E. Smrru considered that the methods described by Dr. Eccles should be particularly 
valuable where large numbers of valves had to be tested. 


On some Experiments in which two néishbouring 
maintained Oscillatory Circuits affect a Resonating 
Circuit.* 

By ў. H. VINCENT, M.A., D.Sc. 


In the experiments described in this paper two oscillating valve circuits | 
were set up on neighbouring benches and a wavemeter circuit arranged 
to be loosely coupled to each of them. When the two oscillating circuits 
are tuned so as to be in absolute unison, the resultant current in the resonating 
wavemeter circuit will be a function of the phase difference between the 
oscillating circuits, and on this view will be a mere matter of chance. If the 
induced e.m.f.’s are equal in amplitude and exactly opposite in phase, no 
resultant current will fiow. In these experiments the resonating circuit had 
its condenser shunted with a carborundum crystal in contact with brass, in 
series with a microammeter and a telephone. No direct measurements of 
the wavemeter current were made but the readings of the galvanometer in 
series with the crystal were recorded throughout. 

As no method was available for measuring the alternating currents in the 


* Abstract of paper read before the Physical Society of London on January 23rd, 1920. 
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oscillators directly, the coil in each oscillating circuit was wound with a few 
turns of insulated wire which was connected in series with a microammeter 
and crystal detector. 

The axes of the main oscillating coils were placed parallel, and the axis of 
the resonating circuit coil was parallel to the line joining the ends of these 
main coils, and a few feet away. Thus if the two maintained circuits were 
in phase the induced e.m.f.’s in the resonating circuit would be conspiring 
together. The frequencies used were of the order of 100,000, but other 
frequencies gave similar effects. 

The resonating circuit was carefully tuned to the circuit on “ Bench 1,” 
and the capacity of “ Bench 2” circuit slowly increased through the reso- 
nance point. The curve of current indicated by the resonating circuit galvano- 
meter is indicated in Fig. 1, which also shows the currents induced by either 
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oscillating circuit when operating alone. At the same time the pitch of the 
note in the telephones fell uniformly with the increase of the Bench 2 
capacity, as indicated by the line LM in the figure. At the point G the 
wavemeter galvanometer showed signs of vibrating. This vibration decreased 
in frequency till M was reached when the two oscillating circuits were in exactly 
opposite phase, and the resultant current in the wavemeter was zero. On 
further increasing the capacity the two circuits were gradually brought into 
phase, and at J this was complete. The change from M to J was brought about 
Бу an increase of capacity of a twentieth of a centimetre in а total capacity 
of 450 cm. During this change from M to J the galvanometer needle did 
not vibrate. 

It was found that when the amplitude of the oscillations in either circuit 
was sufficiently reduced, the minimum (opposition of phase) occurred before 
or after the maximum according as Bench 1 or Bench 2 circuit was weakened. 

When coupling was introduced between the maintained circuits, the shape 
of the curves was somewhat altered and the peak became much more rounded, 
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while in particular the dead space over which the capacity could be adjusted 
without change in frequency was very much increased. 
These experiments provide a means of observing very small changes of 
frequency by means of a galvanometer instead of by the usual beat method. 
The paper was followed by a short discussion in which Dr. W. H. Eccrzs, Professor О. W. 


RIcHARDSON, and Mr. C. E. Wess took part, and emphasised the extreme sensitiveness of 
the method. Some such arrangement will probably become a standard form of wavemeter 


in the future. 
Dr. VINCENT in reply stated that he had not been able to add any theory to the paper, but 


that the results were put forward purely as an experimental research. 


On the Measurement of Amplification given by Triode 
Amplifiers at Audible and at Radio Frequencies.* 
By F. E. SMITH, F.R.S., and the late H. C. NAPIER, M.A. 


The quantitative measurement of the amplifying powers of valves is 
a matter of considerable interest. In the first tests described a four- 
valve low-frequency amplifier was used, having iron-cored transformers 
between the successive valves. The first valve of the set was used as a 
standard of comparison, and the amplification of the remaining three valves 
was compared with it. A buzzer was first used as a source of sound, but it 
was subsequently replaced by a triode valve set generating oscillations of an 
audible frequency. To this valve set an aperiodic circuit was coupled con- 
taining the primary winding of a special air-core transformer, having two 
secondaries crossed at right-angles and capable of rotating together about a 
vertical axis passing through the plane of the outer primary winding. The 
mutual inductance between the primary and either secondary was measured 
for various angular positions by means of a Campbell inductometer. A 
special multi-contact switch was used to connect either secondary to the grid 
circuit of the first valve, and simultaneously to change over the telephones 
from the anode of the first valve to the anode circuit of the last. The 
position of the two secondaries was then adjusted until equality of sound 
was obtained in each case. The ratio of the mutual inductances to the two 
secondaries is then a measure of the voltage amplification of the three valves. 
For large amplifications (over twenty) the switch is arranged to vary the 
magnitude of the primary current from the oscillating valve simultaneously 
with the change-over from one valve to the amplifier. The ratio of mutual 
inductances must then be multiplied by the ratio of currents to give the 
amplification. Comparisons were made with a modified shunted telephone 
method, in which the sound in the telephone using the four valves was 
shunted down until it was of the same intensity as the sound obtained with 
one valve. The results obtained with the two methods were similar, but the 
shunt method tended to give lower values for the largeramplifications. The 
conditions of operation of the valves are not however the same. 

For measurements on a radio-frequency amplifier the above method 
was found to be scarcely suitable owing to stray couplings between the cir- 


* Abstract of paper read before the Physical Society of London on January 23rd, 1920. 
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cuits. For the high-frequency tests a single-valve oscillator was used and 
connected to a rotating contact maker that intermittently joined a second 
inductance in parallel with the main oscillation circuit inductance and thus 
threw the valve out of tune. This gave better results than interrupting the 
anode circuit. “ Chopped ” high-frequency circuit was thus obtained with 
a note frequency of about 800 per second. The essence of the method used 
for measuring the amplification lies in comparing the intensity of the note 
obtained with a single receiving valve plus rectifier, with the intensity 
obtained from two or more valves plus the same rectifier. The intensities 
of signals in each case were adjusted by varying the oscillatory current at 
the source and reading the two values on a thermoammeter. The variations 
in the strength of the oscillatory current were brought about by varying the 
grid potential by means of a switch. The grid potentiometer was adjusted 
until equal sounds were heard in the two positions of the switch, after which 
the two oscillatory currents could be read off at leisure. 


A Method of Measuring the Amplification of a Radio- 
Frequency Amplifier.* 
Ву Е. W. JORDAN, B.Sc. 


The particular amplifier examined by this method was the French radio- 
frequency amplifier, type Пат, having six valves— three for radio- 
frequency amplification, the fourth for rectification, and the fifth and 
sixth for audio-frequency amplification. As source of radio-frequency waves 
a single oscillating valve was used with the plate voltage supplied from the 
filament battery. An audio-frequency voltage derived from а“ tuning-fork 
alternator ? was also superimposed upon the plate circuit and the magnitudes 
of the voltages adjusted until the radio-frequency oscillations were extin- 
guished once in each cycle of the applied audio-frequency. A variable 
coupling was then arranged between the valve oscillator and the amplifier, 
special care being taken that all connecting leads, etc., were effectively 
shielded in earthed tubes. The amplifier was about 18 feet away from the 
oscillator and in another room. | 

The procedure which was adopted in making a comparison of the different 
groups of valves was to vary the input energy to the receiving circuit of the 
amplifier by means of the above-mentioned variable coupling, until the 
intensity of the note in the telephones was equal to a comparison standard. 

A comparison standard of sound of the same frequency as the note in the 
telephones was obtained by inserting a dial potentiometer in the plate 
circuit of the “fork alternator.” This potentiometer was brought close up 
to the receiving circuit, the leads being encased in earthed lead tubing. 
À switch was provided for quickly changing over the telephones from the 
amplifier to the potentiometer for the comparison sound, and vice versá. 

A simple method was also described by means of which the scale of the 
variable coupling used between the amplifier and the oscillator could be 


* Abstract of paper read before the Physical Society of London, January 23rd, 1920. 
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calibrated. For this purpose a second secondary coil having half the number 
of turns of the proper secondary was mounted on the opposite side of the 
primary. These two coils were connected in series in opposition, and by 
adjusting their relative positions the distance at which the mutual inductance 
was halved was readily determined. A binary scale for the mutual inductance 
was thus very easily obtained. 

The object of the experiments was not to attain a high order of accuracy, 
but to devise some trustworthy method of comparing the performance of 
the separate valves of an amplifier and of different amplifiers. 


Direction and Position Finding. 
By Captain Н. 9. ROUND. 


(Concluded from p. 237.) 


Notes on Night Effects —Large swing readings are better than minimum 
readings. To obtain readings of the actual minima at night is also very 
difficult. With signals from a spark station when there is no definite zero, 
peculiar changes of note are often heard. A very distinct difference of note 
will often be obtained in the two. positions on opposite sides of the minimum. 
In England and France errors of swing readings on spark stations are present 
up to about 7° at night, and seldom more, but at Salonica the apparent 
position of Sofia would sometimes shift through as much as 9o?. Nearly 
always, but not invariably, night variations are accompanied by bad minima. 

Continuous waves give much greater variation than spark waves and with 
them directions are often seriously wrong even when the minima are extremely 
sharp. The apparent direction is apparently a function of the wavelength. 
Horsea arc station sent Press messages with a spacing and marking wave. 
These two waves sometimes gave directions differing by 30°, although each 
wave gave a perfectly sharp minimum. This point may be intimately con- 
nected with the results obtained at San Francisco by Dr. Lee de Forest some 
years ago on interference effects. 

There is no strong evidence to show that the night variations on long waves 
are greater than those on short. 

In England variations from east to west are certainly greater than those 
from north to south, but as far as is known this result does not agree with 
results from the East and from America. 

When signals come oversea from moderate distances and practically no 
land intervenes the results are then the most reliable. 

The minimum distance at which night effects have been noticed in England 
or France is about fifteen miles. 

Captain Tremellen noticed that when two transmitting stations with 
differently shaped aerials were side by side, the apparent directions obtained 
at night by a Bellini-Tosi receiving station were different. 

Mountainous country between the stations seems to give the worst night 
effects. 

Daylight Errors —The daylight errors were seldom as large as the possible 
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errors of the instruments. Stations on the edges of high cliffs, near high 
trees, or near a wood gave trouble. 

Refraction over a coast-line also undoubtedly exists. The presence of 
hills on one side of the station even some miles away, tends to give bad 
daylight minima in that direction. 

Further Improvements.—After 1915, aperiodic aerials were used, but this 
brought about additional error due to an exaggerated form of “ vertical.” 
This error was overcome by earthing the mid-points of the two direction- 
finder coils. 

With the introduction of an aperiodic direction-finder it was found that 
direct reception on the coils of the receiver was causing slight errors. In 
the case of the search coil of the radiogoniometer, this error can be avoided 
by placing the radiogoniometer in the correct position on the table. In 
the case of all other coils it may be avoided by a metal shield. A metal 
shield inserted between the windings of the transformer coupling the radio- 
goniometer to the amplifier is effective except on waves under 400 metres, 
when in addition it is necessary to earth the centre point of the aerials. 
Direction-finders for 200 metres constructed with either eleven or even 
twenty-two valves in cascade enabled a watch to be kept on buzzer inter- 
communicating sets. 

Maps.—In certain side lines direction finding required investigation work, 
more particularly in map projection. At first Mercator charts were used, 
but these were very troublesome. A great improvement was obtained when 
charts on the gnomonic projections were used. 

Atmospherics.—An interesting side line of D.F. work was its bearing on 
X-stopping. At night time, particularly in springand autumn, X's exhibited 
very frequently (in fact most of the time in England) a sharp direction which 
centred a little round the position of 165° east of north. It was suggested 
that this direction was curiously near the magnetic meridian and perhaps 
it may be possible to determine if freak signals and consequently X’s have 
more tendency to be reflected along the earth’s magnetic field by the Heavi- 
side layer. 

Frame Aertals.—If the frame required is large and it is proposed to use 
a coupled circuit to the detector, a one-turn frame is as good as anything 
else, provided the resistance losses in the wire and in the condenser are kept 
small. If direct reception is required on a frame, then with all modern 
amplifiers with a non-conducting grid circuit, the frame should have the 
maximum number of turns and the smallest condenser which the receiver 
will take. | 

The conclusion of the paper briefly referred to some experiments carried 
out with several ships of H.M. Navy and in some Handley-Page aeroplanes. 
Appendix I. of the paper considered mathematically the action of the waves 
on two-spaced aerials. Appendix II. gave an elementary mathematical 
consideration of the valve as an amplifier, and Appendix III. a few notes on 
the use of a valve for limiting the strengths of loud signals. The last con- 
cluded with a reference to an arrangement due to W. T. Ditcham which 
consisted in dulling down the filament of a valve, and instead of working at 
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the rectifying point, having a grid potentiometer which controlled the 
characteristic from end to end. It was found that with a particular filament 
brilliancy, at one point of the potentiometer signals from one station would 
vanish, and at another point a different station would vanish. An extremely 
fine adjustment was necessary since small changes of the order of тфу 
of a volt are sufficient to cut out one station or another. 


DISCUSSION. 


Admiral Sir Henry Jackson referred to the great value that the direction-finding stations 
had been to the Navy and stated that the observed small movement of the German ships as 
indicated by the direction-finding readings enabled our fleet to intercept them at the Battle 
of Jutland. 

Dr. J. Ersxine-Murray referred to the difficulties experienced with the Bellini-Tosi 
system which had led to the development of the R.A.F. frame aerial receiver for aircraft. 
The latter arrangement usually gave an accuracy of 13° in the air and about }° on the ground. 

Prof. G. W. O. Howe thought that these experiments were likely to throw considerable 
light upon theories of transmission, and also inquired as to the relative accuracy of the read- 
ings in Fig. т. If these are correct the movements of the ionised layers must be extremely 
rapid. 

Colonel Wace stated that the disadvantages of wireless for linking up D.F. stations were 
entirely due to the use of plain language in such communications instead of code. 

Mr. J. E. TAYLOR in referring to the coupling often obtained between the two Bellini-Tosi 
aerlals stated that this difficulty was not obtained with frame aerials. He also thought that 
the question of the reflection of the waves from ionised layers in the atmosphere was not yet 
proved, and suggested that there ought also to be reflections from irregularities in the surface 
of the ground. 

Major Prince in referring to the R.A.F. direction-finding system thought that this arrange- 
ment was really a minimum method and not a maximum one, and that it could be looked 
upon as a signal of sensibly constant strength from the main coil upon which was impressed 
the signal from the auxiliary coil at its minimum position. 

Mr. St. V. Ргкттв in referring to the question of map projections thought that gnomonic 
plotting was only best when there were more than two stations to be considered. It gives 
true directions and also gives true distances by a simple graphical method as has been shown 
by Dr. Eccles. Unfortunately it gives considerable distortion if a long narrow strip of country 
is considered. He thought it better to magnify the scale of the map in one direction. This 
could be done without destroying the advantages of the projection. 

Capt. Hucues referred to the difficulties experienced in France through the errors of 
direction finding. He thought it had been fairly well established that the apparent direction 
of stations to the east of the sunset line tended to swing to the southward. It was also 
probable that at sunrise there would be an opposite effect. There was a certain regularity 
in the sunset effects, but their magnitude varied from day to day. The sunset variations 
were less on a frame aerial than on a Bellini-Tosi arrangement, and there frequently appeared 
to be a sharp minimum on the frame when the minima were flat on the Bellini-Tosi. In con- 
nection with reception from Horsea Station the minima appeared to be flatter on some har- 
monics than on the fundamental. In the case of D.F. stations on hills, the position on the 
hill was very important. 

Lieut.-Commander Dircuam thought that the perfection of direction-finding arrangements 
had been one of the great technical successes of the war. He stated that in his experience 
the night effects were more pronounced with continuous waves than with signals from spark 
transmitters. 

Capt. J. Rosinson considered that this paper was one of the most complete that had been 
published on direction-finding work, but he also thought that the statements made relative 
to the crossed coil arrangements were scarcely fair to the R.A.F. With reference to the night 
effect errors he had never observed as much as 30? variation when working in these latitudes. 
He thought that some complications might arise with C.W. reception owing to the heterodyne 
radiation, and referred to Armstrong's paper read before the Institute of Radio Engineers. 
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When using a radiogoniometer the coupling between the search coil and the fixed aerial coils 
would depend upon the position of the search coil and therefore when rotating the search 
coil the heterodyne radiation varied, and so the “ heterodyne” amplification would vary. 
Consequently the position of the minimum would not be quite accurate. With any direct 
coupled system such errors are not introduced, and this may be the reason why the R.A.F. 
crossed coil arrangement gives more accurate "results. He thought that small frame coils 
were best in order to reduce the effect of night variations. With reference to the “ radio- 
phares " referred to in the paper, their use might lead to considerable simplifications in direction- 
finding work on aeroplanes. 

Mr. GosstinG emphasised the value of this research work which had been carried out 
through all stages of the war and covered a wide range of subjects. 

Mr. SHAUGHNESSY referred to experiments he had carried out, and in particular to the use 
of a small inductive “ coupling-balancer ” connected in circuit ‘with the two aerials so that 
any external coupling between the aerials could be balanced out. He thought that the errors 
arising through such coupling between the aerials would not exceed }°. 

Dr. Eccres thought that the paper was very useful, particularly from a scientific point of 
view, and that it confirmed the work of French engineers on the same subject. He thought 
that as regards night and day work there was an additional component of wave energy 
arriving at the receiver at night as compared with that received during the day. This extra 
component arises through reflection by the ionised layers which are regular at night but not 
during the day. It would frequently be out of phase with the direct component of the wave 
and hence would give rise to the badly defined minima. 

Capt. Roun briefly referred to the possible errors arising through heterodyne reception 
mentioned by Capt. Robinson. The fact that these errors occurred only at night time scarcely 
supported the view put forward. He also pointed out that the total mutual inductance 
between the search coil and the two fixed aerial coils remains practically constant throughout 
the revolution of the coil, and that, therefore, the intensity of the heterodyne amplification 
would not appreciably vary when moving the search coil. 


A Portable Set, and some Properties of C.W. Circuits.” 
Ву В.С. CLINKER. 


The apparatus shown at this meeting consisted of a complete unit com- 
prising frame aerial and two-valve receiver mounted inside a single containing 
case with carrying handle. The box measures approximately 14 ins. X 
I2ins. X 5 ins., and weighs about 20 lbs. complete with accumulators. The 
frame aerial is wound round the box inside, and a smaller coupling coil is 
hinged in front. This latter coil is joined in the anode circuit of the first 
valve and provides an adjustable regenerative coupling. The first valve 
acts as a detector (and self heterodyne when required) while the second is 
а low frequency amplifier. The filament accumulators (4 volts) and high 
tension battery of dry cells (43 volts) are also included in the case. These 
are mounted inside the frame coil, and although they increase the decrement 
losses when in that position, this increased loss is not found to be serious. 
Illustrations of the set will appear in the Society’s official report of the 
meeting.t Тһе lid of the case, when the set is in use, may be detached and 
thus forms a base with pivot round which the frame may be turned for 
determining approximate directions of incoming signals. 


* Abstract of paper delivered before the Wireless Society of London on January 29th, 
1920. 
t Ibe Wireless World, March issue. 
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Demonstrations of the formation of beats between two such sets placed 
about twelve feet apart were made, and also of the reaction of a tuned 
secondary coil coupled to one of the sets. The “ double click ? method of 
indicating when this external coil was in resonance with the oscillator was 
also shown, and the lecturer pointed out that the two frequencies at which 
these “ clicks ? occur аге the two frequencies that normally occur when two 
tuned circuits are coupled together. 

The effect of insulating the grid of a valve and the discharging effect due 
to the presence of radium were also demonstrated. 

Prof. С. W. O. Hows, in discussing the paper, indicated a simple method by which the 


presence of the two coupling frequencies could be demonstrated by considering the magnetic 
field linking the two coupled coils. 


Mr. J. Scorr-Taccart briefly described the measurement and comparison of capacities 
using the well-known heterodyne method. 

Admiral Sir Henry Jackson stated that he had experienced difficulties in reception on a 
frame coil inside a building containing a number of iron pipes, and pointed out that the experi- 
ments with the coil coupled to the oscillator formed a simple demonstration of such effects 
being caused by the proximity of the metal to the frame coil. 

Mr. P. R. Coursey described an alternative to the double click method using a thermo- 
galvanometer in the oscillating circuit and noting the drop in current when the coupled coil 
was brought into tune; and Mr. Broapwoop referred to a similar method using a galvano- 
meter in the plate circuit of the valve instead of a telephone. 

Mr. R. С. Сілмкев replied briefly to the points mentioned, and also demonstrated how the 
two oscillating circuits pulled into phase when they were coupled sufficiently closely, in a 
similar manner to two alternators connected in parallel. 


A Wireless Calling Up System for use on Ships. 


On Thursday, January 15th, 1920, a demonstration of some new instru- 
ments designed for the above purpose was given by Marconi’s Wireless 
Telegraph Co., Ltd., at their works at Chelmsford. 

The transmitter is designed to radiate a series of dots at a frequency of 
180 per minute on the standard 600-metre ship’s wave and the receiver is 
designed to respond to a series of dots of this frequency only. 

The transmitter consists of a small oscillating flywheel which is controlled 
by a spiral spring and adjusted to swing at the desired rate. At each swing 
a contact is closed which operates a relay signalling key in the transmitting 
circuits. The wheel is set in oscillation by pressing a small key which passes 
a momentary current through the magnets which maintain its vibration. 
At the receiver a three-valve amplifier is used in conjunction with an oscil- 
lating relay of a similar type to the oscillating system used at the trans- 
mitter. The receiving relay is tuned to respond to 180 impulses per minute. 
The small balance-wheel of the receiving relay is set in motion by the amplified 
received currents which are passed through two electromagnets, and on the 
receipt of a sustained series of dots at the proper frequency the amplitude 
of the oscillations is built up until a contact is closed and the call bell operated. 

The device appears to be remarkably immune from disturbance by jamming 
from ordinary wireless signals and to be quite reliable in operation. 

Its normal working range in the present form is about eighty miles, 
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212. THE USE or AMPLIFIERS FOR THE MEASUREMENT OF SMALL 
DIFFERENCES, or PorENTIAL. К. Depriester. (Revue 
Générale de P Electricité, 6, pp. 619—620, November, 1919.) 

Blondel has pointed out that the arrangements of amplifiers described by 
him* are not the only possible ones. This article describes another— 

indicated in Fig. 1. 
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The two valves V, and V, are joined in cascade as shown, the grid of V, 
being supplied from the p.d. across the resistance R in the plate circuit of V,. 

The small p.d. to be measured is applied at E. The plate currents of the 
two valves flow through G in opposition, and by proper adjustment this 
galvanometer can be brought to zero for the normal position. The valve 
flament currents and a part of R are adjustable for this purpose. The 
short-circuiting key K is for use when making preliminary adjustments of 
the equality of the plate currents using the milliammeters A, and A, as 
indicators. Greater sensitiveness may be obtained by the use of a preliminary 
amplifier. 


213. Нисн-Евкойкнсу Аммктвевв. Н. A. Ewen. (British 
Patent 132567, July, 1918. Patent accepted, September 


Igth, 1919.) 


An inductive coupling between the hot wire ammeter and the aerial circuit 


* Rapio Review Abstract No. 237. 
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is described for the purpose of measuring large high frequency currents. 
The calibration of the instrument may be varied by altering the coupling 
between the instrument circuit and the aerial circuit or by varying the 
resistance or inductance of either of the windings. 


214. THe L.C. Taste Амр How то Use rr. (Everyday Engineering 
Magazine, 8, p. 106, November, 1919.) 
A table is given from which the product L.C. (inductance in cms. X capacity 
in mfds.) can be read off corresponding to any given wavelength. 


215. THE OPERATION or THE А.С. QUENCHED ӘрАвк TRANS- 
MITTER. K. Schmidt. (Hlektrotechnische Zeitschrift, 40, 
рр. 562—564, November, 1919.) 

A discussion of the conditions for obtaining a good musical note, viz: 
good quenching, exact resonance, and proper coupling. The wave form of 
the alternator may vary with the excitation, but at resonance the funda- 
mental will greatly predominate. The purity of the tone is independent of 
the wave form, although it influences its character. Reproductions are 
given of cathode ray oscillograms showing the voltage and current curves 
with both one and two sparks per cycle. To obtain a very low number of 
sparks per second, that is, one spark for several cycles, it is advantageous 
to connect a choke coil in parallel with the alternator, thus making 
the total inductance of the circuit less dependent on variations in the 
alternator. 

The protection of the alternator from high frequency surges by means of 
earthing condensers is discussed. Reference is made to Figs. 8 and 9, which, 
however, are missing. 


216. TRANSATLANTIC Rapio Communication. Е. Е. W: Alexan- 
derson. (Proceedings of tbe American Institute of Electrical 
Engineers, 38, рр. 1077—1093, October, 1919; Telegraph 
and Telephone Age, 37, pp. 506—509, October, 1919, 
Abstract.) 

Abstract of paper presented at a joint meeting of the American I.E.E. and 
the Institute of Radio Engineers. The author discusses the capabilities of 
large radio stations for handling the world's long-distance telegraph traffic. 
It is shown that, under present arrangements, the number of such world 
stations is limited to twelve, even when the wavelength range is extended 
down to 10,000 metres and up to 20,000 metres. 

The tendency of present-day developments points to the following means 
for expansion of radio traffic :— 


(1) Increase in speed of transmission. 
(2) Improved selectivity based on the direction of the wave. 
(3) Improved selectivity, making possible closer spacing of wavelengths. 
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As to (1) and (3) it is pointed out that speeds up to 100 words per minute 
are now practicable, and that these speeds are not incompatible with in- 
creased selectivity to work with a 1 per cent. difference in wave length 
between stations. As to (2) the achievements of the author's “ Barrage” 
receiver are discussed,* as well as the arrangement of multiple antenne 
at the New Brunswick, N.J., station. This consists of six independent 
radiating antennz, each with separate tuning inductances. By this means 
the total resistance of the complete aerial has been reduced from 3-8 ohms 
to 0:5 ohm at 13,600 metres, and the radiation efficiency raised from about 
2:6 per cent. to I4 per cent. At 8,000 metres, the total resistance of the 
multiple aerial is 0-6 ohm and its radiation efficiency 30 per cent. The 
radiation from each component of the multiple aerial may be in phase, or 
by regulating the phase displacement, definite directive radiation can be 


— MULTIPLE TUNED EN TENNA 
DUCTION TERTE 
iu 77 
POWER TELECRAON 


TIG. 2. 


secured by utilising the interference effects between the separate radiated 
waves. [See, also, Каро Review Abstract Хо. 198.| | 

The arrangement of the multiple antenna is indicated in Fig. 2. It may 
be considered as an aggregate of several antenna of the ordinary vertical 
type, each having its own tuning coil The aerial at New Brunswick is 
therefore equivalent to six independent radiators placed 1,000 feet apart. 
The current in each ground lead is about 100 amperes, and the total power 
is then about 100 kw. The upper horizontal portion of the complete 
antenna acts as a transmission line between the separate aerial units. The 
tuning coil to which the alternator is connected raises the potential to 
60,000 volts, and each of the oscillating circuits formed by the ground 
connections draws energy from this transmission line at that voltage. 


* See Клро Review Abstract No. 75. 
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217. IMPROVEMENTS IN Авс OSCILLATION GENERATORS. С. 
Lorenz. (British Patent 132799, June, 1918, not yet 
accepted but open to inspection.) 

Irregularities in the production of electric oscillations by means of an arc 
are prevented by the use of a large inductance in the high frequency circuit. 
The aerial circuit may be closely coupled with this large inductance in the 
primary oscillation circuit or may be directly coupled to it. One such 
arrangement is indicated in Fig. 3. In this diagram inductances L, L, are 
coupled to present a large impedence to the currents flowing round the 
circuit S C, L, L, but to offer a low impedence to 
the aerial earth currents flowing through the two 
coils in parallel. 
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218. ГмРЕОУЕМЕМТВ ім RADIOTELEGRAPHIC TRANSMISSION 
Systems. A. Taylor. (British Patent 133901, April, 1919. 
Patent accepted, October 23rd, 1919.) 

For the transmission of Morse signals with an arc oscillation generator, 
signals are sent by interrupting the arc while maintaining the load on the 
supply circuit substantially constant. One arrangement is indicated in 
Fig. 4. The arc A, is shunted by theresistance R through the main contacts 
m of the key K so that when the key is operated thearcisextinguished. On 
releasing the key the momentary interruption of current through the choke 
coil Lọ induces a large voltage at the terminals of the arc and this brings 

AA 
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about its re-ignition. In an alternative arrangement the key K when 
released may also close the circuit of a small auxiliary transformer, T, to 
induce a high voltage across the arc terminals to effect the re-ignition. The 
main contacts m of the key K are provided with a powerful magnetic blow- 
out. In a further modification described in the patent the action of the key 
serves to bring an auxiliary electrode into contact with one of the arc 
electrodes, thus shunting the arc through a resistance and causing its 
extinction. On releasing the key an arc is first formed between the main 
and auxiliary electrodes and this serves to re-ignite the main arc.* 


219. A Метноо or usinc Two TriopE VALVES IN PARALLEL FOR 
GENERATING Oscir.LATIoNs. W. H. Eccles and Е. W. 
Jordan. (Electrician, 83, p. 299, September, 1919. Elec- 
trical Review, 85, p. 441. Radio Review, 1, p. 80, November, 


I9I9.) 


220. THE THREE-ELECTRODE THERMIONIC VALVE AS AN ALTER- 
NATING CURRENT GENERATOR. Professor C. L. Fortescue. 
(Electrician, 83, pp. 294—295, 388—390, 414—416, Septem- 
ber, 1919. Electrical Review, 85, рр. 456—457, Abstract. 
Engineering, 128, p. 357, Abstract. Radio Review, 1, p. 83.) 


221. THREE-ELECTRODE Vacuum Товеѕ. L. de Forest. (Elec- 
етап, 83, p. 477, October, 1919.) 
Correspondence relative to the invention of certain circuits for the use of 
two three-electrode valves in parallel for generating oscillations f and also 
relative to new terminology for three-electrode valves. 


222. IMPROVEMENTS IN VALVES FOR GENERATING ELECTRICAL 
Озсплалттонв, ETC. L. M. Ericsson & Company, Russia. 
(British Patent 131680, July, 1918. Patent accepted, 
September Ist, 1919.) 

A vacuum tube is described for use in the ordinary manner of the three- 
‘electrode valves, but with a plate cathode instead of the usual filament. 
This plate cathode is heated by electronic bombardment at the back from 
an auxiliary filament cathode. If desired a screen with a suitable aperture 
may be placed between the auxiliary filament cathode and the main cathode, 
and if necessary a suitable potential may be applied to the screen. The 
temperature of the main cathode may be made higher than in the case of the 
filament electrodes generally used. 


+ See also RApto Review Abstract No. 114. 
T See especially Варо REVIEW, г, pp. 80—83, November, 1919. 
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223. А Уасоом-Гове TRANSMITTER oF Continuous Waves. 
J. Scott-Taggart. (Electrical Review, 85,. pp. 710—711, 
December, 1919.) : 

The circuit described is illustrated in Fig. 5. The set may be used for 
wireless telephony by connecting a shunted microphone in the earth lead, 
or for telegraphy by joining a key in series with B,. Aerial currents of the 
order of 1 ampere and ranges of about 200 miles are mentioned but without 
reference to the aerial system, receiving apparatus, etc. Condenser C, 
provides the main retroactive coupling, but there is also some magnetic 
coupling between L, and L}. 


A 


Са = 0'0004 mfd. 

R = 10,000 ohms. 

C = ооо mtd. 

Be = 400—8oo volts. 
Сә = o'oot mtd. 


Fic. 5. 


224. Hicn-FREQuENCY SicNALLING. Western Electric Company, 
U.S.A. (British Patent 132562, June, 1918. Patent 
accepted, September 25th, 1919.) 

In the transmitting arrangement described, a high-frequency carrier wave 
is used modulated by a wave of intermediate but inaudible frequency, the 
latter being further modulated in accordance with the signal to be sent. 
Multiplex working may be obtained by using several non-interfering inter- 
mediate frequencies, and if desired several carrier frequencies. One arrange- 
ment is indicated in Fig. 6. С, is the source of high-frequency power of 
frequency say 1,000,000, Gg, Gg, etc., are the intermediate frequency generators, 
for example 20,000 or 30,000~. These are connected through modulating 
valves V,, Va etc., to the common grid circuit of valve V4 as indicated. The 

АА 2 
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output of these valves is modulated by the microphones M, M, or other 
signalling apparatus. Ү, V; are amplifiers connected between V, and the 
aerial circuit A E. An analogous arrangement may be used at the receiver 
for sorting out the currents of different frequencies. 


225. WIRELESS TELEGRAPHY AND TELEPHONY BY THREE- 
ELECTRODE Уліувв. С. Gutton. (Revue Géneralé de 
P. Electricité, 6, pp. 365—376, September, 1919.) 

Arcs and high-frequency alternators are now used in practice mainly for 
high-power stations, but the application of 3-electrode valves for wireless 
purposes has rendered practicable C.W. transmission for all wavelengths 
and allpowers. In the present article the author deals with this application 
in a very thorough manner, and commencing with the use of a valve to 
sustain oscillations describes in turn its application to both transmission 
and heterodyne reception. The selectivity of heterodyne reception is 
discussed, and the use of the valve as a simple detector and as an auto- 
heterodyne is described, as well as the advantages of regenerative amplifica- 
tion. The article is concluded with three sections devoted to the principles 
of wireless telephony, radiotelephonic stations, and recent progress and the 
future of wireless telephony. Circuit diagrams are given showing the 
modulating microphone coupled to the aerial circuit, and also coupled 
through an amplifier to the grid circuit of the transmitting valves, the latter 
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arrangement being suitable for coupling a land telephone line on to a radio- 

telephonic transmitter. An arrangement in which the microphone is coupled 

to the plate circuit inductance of a single oscillating valve, the energy of 
which is subsequently amplified before transference to the aerial, is also 
described as being suitable for a high-power station. 

226. Hicu-Frequency ELECTRIC SIGNALLING. Western Electric 
Company (U.S.A.). (British Patent 131426, August, 1918. 
Patent accepted, August 18th, 1919.) 

This relates to high-frequency signalling systems in which the signals are 
transmitted as modulations of a high-frequency carrier wave, and are com- 


bined at the receiving 
2 station with locally gene- 
я ЕН rated waves of the same 
ш 
and the local waves from 
200,000 /-.00000 One arrangement is indi- 
control oscillations are 


E 000000 

T 20009 frequency. А special 
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generated by the valve V, 

and amplified by the valve 

" V, in the usual manner. 

The output circuit of V, 
Ue is coupled through trans- 
former T, to the grid 

circuit of a “harmonic 

generator” V,. This com- 

prises a valve overloaded 

so as to produce a deforma- 

tion of the control waves 

which is equivalent to 

= adding a number of har- 
monics to these waves. 


= The deformed wave is then 

n amplified by a valve V, 

- о in the plate circuit of 
=> S which is a tuned circuit 
deor C L for picking out one of 
че these harmonics. This har- 


monic is utilised as the 
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carrier frequency and is amplified by the valve V, to which the plate circuit 
of V,is coupled. The output circuit of V; is coupled through T, T, to the grid 


circuit of the controlling 
valve Vg. The grid circuit 
of this valve is also 
coupled through trans- 
-former T, апа filter 
circuit F to the primary 
circuit of transformer Т}, 
which is in the plate 
circuit of valve V,. The 
oscillations of the con- 


trol frequency are there-. 


fore supplied to the grid 
circuit of the controlling 
valve Ус as well as the 
oscillations of the carrier 
frequency. Тһе grid 
circuit of V, is also 
coupled through trans- 
former Тр to a modu- 
lating circuit for the 
` control of the. emitted 
waves by the telephonic 
or other signalling cur- 
rents. At the receiving 
station (Fig. 8) the 
received oscillations are 
amplified by the valve V, 
and transferred to the 
detecting valve Vy. The 
output circuit of this 
valve is coupled through 
transformer T, to the fre- 
quency filtering circuits 
F, and thence to the 
receiving circuit proper 
through T,. Тһе output 
circuit of the detecting 
valve Vg is also coupled 
through transformer T, 
to a second frequency 
filtering circuit F, on to 
a valve V, which is over- 
loaded in а similar 
manner to valve V, of the 
transmitter and serves 
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the same purpose, namely, to distort the wave form of the control frequency 
oscillations passing through F,, the circuit Е, being adjusted to prevent the 
passage of currents of any frequency other than the control frequency. The 
output circuit of V, is coupled through transformer T, to the amplifying 
valve V44 in the plate circuit of which is the tuned circuit C, L} arranged 
to permit the passage of a harmonic of the same degree only as that used at 
the transmitting station. This tuned circuit is joined to the grid of the 
amplifying valve V4, from which they are transferred back to the grid 
circuit of the detecting valve Vz. The modulated oscillations received from 
the aerial are thus combined with unmodulated oscillations of identical 
frequency obtained from the harmonics set up by the valve V,. The 
receiver therefore appears to work on a heterodyne principle with identical 
frequencies, so that the modulations only, that is to say the speech or other 
signalling currents, pass to the receiving instrument through the transformers 
Tg T, and the filter circuit Е. Modified arrangements are also described 
by means of which a similar method may be used for multiplex radiotelephony ` 
using different carrier frequencies all obtained from the same initial control 
frequency. 


r 
227. MODULATORS For RADIOTELEPHONY. C. Schmitt. (L’Elec- 
tricien, 49, p. 204, November, 1919.) 
A general descriptive article outlining the various forms of variable 
resistance microphones, microphonic control by 3-electrode valves, and the 
Alexanderson magnetic microphone. 


228. TELEPHONE RepEaters. B. Gherardi and F. B. Jewett. 
(Proceedings American Inst. Electrical Engineers, 38, pp. 
1255—1313, November, 1919.) 

The historical development of telephone repeaters is given, together with 
descriptions of valve amplifiers and various forms of magnetically controlled 
arc repeaters, etc. The essential properties of repeater networks are given, 
with illustrations of installations. 


229. IMPROVEMENTS RELATING TO THE USE or AUDION AMPLIFYING 
APPARATUS IN TELEPHONY. M. Latour. (British Patent 
131639, June, 1917. Patent accepted, September 4th, 
1919.) 

An addition to British patent 127318. Іс relates to Ше use of valve 
amplifiers for two-way telephone repeaters. 


230. IMPROVEMENTS RELATING TO TELEPHONE REPEATERS. М. 
Latour. (British Patent 131704, August, 1917. Patent 
accepted, September 4th, 1919.) 


Special arrangements of 3-electrode valves for two-way telephone repeaters. 
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231. TuE Рковімвмв оғ Vacuum Tuse Circuits.—Tue Атом 
AS A Detector. L. M. Clement. (Everyday Engineering 
Magazine, 8, pp. 112—113, November, 1919.) 

An elementary account of the use of a triode valve for rectification at the 
lower bend of the characteristic curve. 


232. [THe Desicn or MULTIPLE-STAGE AMPLIFIERS. С. L. For- 
tescue. (Electrical Review, 85, pp. 700—701, November, 
1919.) | 

See Rapio REVIEW, І, pp. 178—181. 

233. THE UsE or ImpEDENCE, CAPACITY AND RESISTANCE 
Сосрі1мсѕ ім Hicu-FREquency AMPLIFIERS. J. Scott- 
Taggart. (Electrician, 83, p. 221, August, 1919.) 

Circuit diagrams are given of multivalve amplifiers with resistance-capacity 
coupling. 

234. Notes on Vatve AmpuiFication. W.S. Barrell. (Wireless 
World, 7, pp. 407—409, October, 1919.) 

235. Нісн Vacuum Ampuiriers. W. Schottky. (Archives fiir 
Elektrotechnik, 8, p. 1, July, 1919. lektrotechnische Zeit- 
schrift, 40, p. 604, November, 1919, Abstract.) 

An account of investigations carried out in 1915 but unpublished for 
military reasons. The definition of the amplification is discussed and 
formule established for multiple cascade amplifiers. The design of the valve 
is then considered in order to obtain characteristics and operating conditions 
which lead to the best amplification. The result is obtained that the optimum 
amplification obtainable is proportional to the square root of the anode 
potential and inversely proportional to the fourth root of the grid potential. 
It is also stated that for cylindrical amplifiers the amplification is propor- 
tional to the root of the axial length and inversely proportional to the root 
of the diameter of the grid. 


236. ON New ARRANGEMENTS OF PoTENTIOMETRIC AMPLIFIERS. 
A. Blondel and M. Touly. (Comptes Rendus, 169, pp. 557— 
562, September, 1919.) 

The use of amplifying valves for the measurement of small differences 
of potential is further dealt with in this paper which describes simplifications 
of arrangements previously described.* 

The arrangement dealt with comprises two amplifying stages—the second 
containing several tubes in parallel. A regenerative coupling is provided 
(by resistances) from the second stage back to the grid circuit of the first 
valve. The indicating galvanometer or other instrument may be connected 
either in series with the plate circuit of the second stage, or in shunt to a part 
of that circuit. Formule are given in explanation of the mode of operation. 


+ Rapio Review Abstract No. 186. 
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237. On BLonpDEL’s AND Touty’s NEW ARRANGEMENTS ОЕ PoTEn- 
TIOMETRIC AMPLIFIERS. A. Blondel. (Revue Générale de 
P Electricité, 6, pp. 427—441, October, 1919.) 

This article describes in greater detail the apparatus referred to in Rapio 
Review Abstract No. 236, and alsoitsdevelopment. The principle of one 
arrangement is indicated in Fig. 9. The internal resistance of valve V, pro- 
vides the fourth arm of the Wheatstone Bridge of which R,, Ra Rg, are the 
other arms. The “ battery-arm ” of the bridge includes the anode battery 
В, while the * galvanometer-arm ” includes the grid circuit of the second 
valve V}. This second valve is also joined in a Wheatstone Bridge circuit 
К, К,, Rg’, with the indicating instrument С. The initial p.d. to be ampli- 
fied is applied to T,T,. By interchanging the “ battery " and * galvano- 
meter " arms of each of these bridges, both valve filaments can be supplied 


Fic. 9. 


from the same battery, while a further simplification is obtained by suppress- 
ing two of the “ bridge-arm ” resistances which shunt the anode battery В, 
and connecting the grid of the second valve to an adjustable point on this 
battery, thus aiming at an amplifier with “ potentiometric” coupling 
between the stages. 

In an improved arrangement a regenerative coupling is provided between 
the plate circuit of the second valve and the input circuit to the grid of the 
first valve. This is obtained by a potentiometer resistance joined either in 
series with the plate circuit or shunting the plate-filament of the second 
valve. The latter arrangement is indicated at P in Fig. 10, which also 
shows a third valve, V, added to obtain additional amplification. This 
third valve may be replaced by a simple rectifying valve if desired to enable 
an ordinary D.C. galvanometer to be used for measuring A.C. potentials. 
In other arrangements described in the paper, several valves are joined in 
parallel in the second stagein order to augment the plate current for operating 
theindicating instrument. The arrangement of V, and V, in Fig. 10 follows 
the “ potentiometric” modification of Fig. о described above. A common 
anode battery В, is used, with smaller additional batteries В), B," and В,” 
for each valve. The left-hand portion of P adjacent to the filament connec- 
tion is included in the input grid circuit and provides the regenerative 
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coupling. В and R are added to balance out the plate current of V} through 


the galvanometer G. 
The paper also includes a mathematical explanation of the operation of 
each arrangement described. (See also Abstract No. 212.) 


238. Rectiriers. В. J. Brochard. (French Patent 495317, filed 
June 18th, 1917. Published October 4th, 1919.) 

For rectifiers, galena which will pass a 16-mesh screen but will not pass a 
screen of 18 mesh, and having a clean surface, is mixed with strong glue; 
and conducting surfaces, either rigid or flexible, are covered with the mixture. 
One cubic cm. of galena prepared according to the process described covers 
I2 cm. of surface. 


239. Receivers. В. J. Brochard. (French Patent 495318, filed 
June 18th, 1917. Published October 4th, 1919.) 

The invention relates to the employment of very flexible metal brushes 
for use as crystal detector contacts for the reception of Hertzian waves. The 
said brushes are made from 15 cm. of gold or silver brocading thread, either 
in its usual form, or with only the metallic portion. The regulation obtained 
with these brushes is practically instantaneous. | 


240. Detector. H. D. Betz. (French Patent 495432, filed 
August 24th, 1918. Published October 8th, 1919.) 


This i invention relates to a protector for coherers. 


241. А New Амриғуікс Retay. F.Martin. (L’Electricien, 49, 
pp. 132—134, September, 1919.) 
Description of an electromagnetic microphone relay for amplifying radio 
signals. 
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242. A TRIGGER RELAY UTILISING THREE-ELECTRODE [THERMIONIC 
VacuumTuses. W. H. Eccles and Е. W. Jordan. (Elec- 
trictan, 83, p. 298, September, 1919. Electrical Review, 85, 
p.441. Radio Review, 1, pp. 143—146.) 


243. Retays. D. W. Brown. (French Patent 495385, filed 
August 4th, 1917. Published October 7th, 1919.) 
The invention relates to a method and apparatus for relaying or increasing 


the effect of high-frequency electric oscillations on detectors (see British 
Patents 117686 and 120356). 


244. RECORDING оғ EIFFEL Tower TIME SIGNALS rog DETER- 
MINATION OF Стоск Error. L. B. Turner. (Electrician, 
83, pp. 554—557, November, 1919.) 

The use of the author's valve relay for the recording of time signals is 
described in this paper. A simultaneous record is made on a double-magnet 
chronograph of the clock ticks and of the wireless signals. Sample strips are 
reproduced in the paper illustrating the accuracy obtainable in most cases. 
The atmospherics can be distinguished from the signals by the records on 
these strips. A determination of the lag in the wireless relay apparatus 
indicated that its value was generally about 444 of a second and was certainly 
less than 3, of a second. In most cases, therefore, the lag is quite negligible. 


245. Recetvinc Circuits. H. J. J. M. de R. de Bellescize. 
(French Patent 495316, filed June 26th, 1917. Published 
October 4th, 1919.) 

The invention consists in rendering open or closed wireless receiving 
circuits symmetrical to permit the obtaining of better syntony and of reducing 
the effect of atmospheric disturbances. The symmetry is obtained by 
disposing in each of the two connections to the condenser in the receiving 
circuit, an arrangement of capacities, resistances and self-inductances so as 
to reproduce the electrical characteristics of the apparatus connected to the 
other terminal, in the manner described in British. Patent 132434. (This 
French specification contains Figs. 1 and 2 only of the British Patent but 
covers the same subject-matter.) 

The same result may also be obtained by coupling the receiving circuit 
inductively to a second circuit by means of two identical coils placed elec- 
trically symmetrical to the capacity in the primary circuit. 


246. Ахтеммж. Compagnie Francaise pour Exploitation des 
Procédés Thomson-Houston. (French Patent 495641, filed 
October Ist, 1917. Published October 14th, 1919.) 


For particulars of this invention, see the British Patent 130064.* 


* See Rapio Review Abstract No. 198. 
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247. Loop ANTENN# AND Direction FINDERS FOR AMATEUR 


Use. D. 5. Brown. (Radio 


which are the following :— 


Ве Үн Бра Df Amateur News, 1, pp. 60—62, 
August, 1919.) 

Size of Loop Spacing Design and constructional details for 

iio E Frame Aerials are given, based on the 

transmission formule and on experimental 

4 1 results. The strength of signals received 

6 = on the loop is proportional to NAL/MA 

" where N = No. of turns, A = area, 

8 16 L = inductance; A = wavelength, and 

IO i R = Н.Е. resistance. Various tables for 

12 15 different size loops, еїс., are given, among 


Best Size of Square Loops for various Wavelengths. 


Wavelength Wavelength 


(Metres). Size in Feet. Turns. (Metres). Size in feet. Turns, 

50—150 4 I 1,200 8 I2 
3 I 6 14. 
4 20 

200 8 I 
6 < 1,600 8 16 
300 g Е 6 20 
6 4 4 30 
600 8 4 2,500 8 30 
6 7 6 40 
4 10 4 бо 
800 8 7 3,500 8 45 
6 10 6 65 

4 I5 


248. ANTENNE. Compagnie Francaise pour Exploitation des 
Procédés Thomson-Houston. (French Patent 495770, filed 
February 14th, 1919. Published October 17th, 1919.) 

The invention consists in the arrangement of multiple earth connections 

for radiating antennz, the object being to divide the earth current in a 


perfectly uniform manner throughout all the connections and to reduce the 
earth resistances to a minimum. 
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249. WIRELESS TELEGRAPHY IN GERMANY. (Elektrotechnische 
Zeitschrift, 40, p. 527, October, 1919) 

The military high-power station at Kónigswusterhausen has been taken 
over by the postal authorities for the public service mainly with the continent 
of Europe. The transmission between Nauen and the United States is so 
perfected that telegrams can be handed in at any post office; the same 
applies to telegrams for Spain. An experimental service with Sweden and 
Switzerland has been taken in hand. 


250. Nauen v. ErLvese. А. Meissner; A. Sörensen. (Elektro- 
technische Zeitschrift, 40, pp. I13—115; 233—234; 429 
em M 4 "e 
Articles describing the activities of the Nauen and Eilvese stations during 
the war and discussion arising therefrom. 


251. APPARATUS FOR OPERATING Distant Devices By MEANS оғ 
ELECTROMAGNETIC Waves. L. M. Ericsson & Co., Russia. 
(British Patent 131166, August, 1918. Patent accepted, 
August 21st, 1919.) 

An illuminated tube containing helium and other gases is used as the 
detector. 


252. WIRELESS CONTROLLED Говркоо. А. E. Ericson and G. А. 
Whipple. (French Patent 495475, filed September 11th, 
1917. Published October gth, 1919.) 


253. SYSTEM оғ ТЕІЕрҮМАМІС CowTrRor. J. H. Hammond. 
(U.S. Patent 1419678, renewed February, 1919. Pub- 
lished October 21st, 1919.) 


Receiving arrangements for distant radio control. 


254. A System оғ Клріо-Пікестіуе Сомтвоі. Ј. Н. Hammond. 
(U.S. Patent 1319068, renewed February, 1918. Patent 
published, October 21st, 1919.) 

À system of radio control is described with a transmitting station provided 
with means for emitting several different types of waves (different wave- 
lengths, etc.). The emission of these waves is under the control of separate 
local control stations. 


255. Licut TErEPHONY. А.О. Rankine. (La Nature, 47, pp. 307 
— 309, November, 1919.) 
An illustrated article dealing with apparatus previously described by the 
author.* 


* Rapio Review Abstract No. 178. 


310 THE RADIO REVIEW Vor. I. 


256. EARTH TELEGRAPHY. P. Maurer. (L’Electricien, 49, pp. 181 
—184, October, 1919.) 

An article explaining the general principles, with some particulars of 
apparatus used during the war, and of the ranges obtainable. A special 
buzzer transmitter and a three-valve amplifying receiver are described and 
illustrated. l 
257. WIRELESS IN THE R.A.F. purine THE War. T. Vincent 

Smith. (Electrical Review, 85, pp. 457—458. Radio 
Review, 1, p. 38, October, 1919.) 

258. AIRCRAFT WIRELESS SETS: THE 52A SPARK TRANSMITTER. 
J. J. Honan. (Wireless World, 7, pp. 470—472, November, 
1919.) 

An шада description of the transmitter fitted to the trans-Atlantic 
Vickers-Vimy machine. 

259. AirPLANE ANTENNA Reets. L. Ryan. (Electrical Experi- 
menter, 7, p. 324, August, 1919.) 

Describes a type of reel designed to stand all mechanical and electrical 
stress under difficult service conditions. The reel is self-locking and shows 
at a glance the length of aerial let down. 

260. IMPROVEMENTS RELATING TO ELECTROMAGNETIC WavE КЕ- 
CEPTION Systems. J. Robinson. (British Patent 132291, 
November, 1918. Patent accepted, September 18th, 1919.) 

To prevent interference in the wireless receiver from the magneto or other 
ignition system on aircraft it is proposed to connect a variable condenser 
between the grid and filament of the valve detector or amplifier. One or 
more oscillatory circuits tuned to the wavelength or wavelengths of the waves 
emitted by the ignition system or other disturbing source may be arranged 
in the connections between the loop receiving circuit and the valve amplifier.* 


261. THE ELIMINATION oF MAGNETO DISTURBANCE IN THE RECEP- 
TION OF WIRELESS SIGNALS ON AIRCRAFT. J. Robinson. 
(Radio Review, 1, pp. 105—110, December, 1919.) 

262. Can Каро Ісміте BAarroows ? N. Tesla. (Electrical Experi- 
menter, 7, p. 516, October, 1919.) 

263. WIRELESS NAVIGATION FOR Аіксвағт. |. Robinson. (Elec- 
trician, 83, p. 420, October, 1919, Abstract. Radio Review, 
1, PP- 39—42.) 

264. Procress or ELrecrricaL Invention. J. A. Fleming. 
(Nature, 104, p. 239, November, 1919.) 


A brief review of the progress of radiotelegraphy is included. 


+ See also Rapio Review Abstract No. 261. 
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265. CIRCUITS ғов UNDAMPED OscILLATIONS. Pestarini. (L' Elettro- 
tecnia, 6, pp. 481—487, August, 1919. Science Abstracts, 
228, No. 775.) 

This article discusses the generalisation of the use of a series wound dynamo 
connected to a condenser for generating undamped electrical oscillations. 
It is shown that the same result could be obtained without the condenser 
by inter-linking the dynamo circuit with suitable auxiliary circuits or with 
a second machine. The use of a special kind of ironless alternator is also 
mentioned as being suitable for setting up large trains of undamped 
oscillations. 


266. ExecrricaL Oscittators. М. Tesla. (Electrical Experi- 
menter, 7, p. 229, July, 1919.) 
A description of the author's work on W/T transformers, with a number of 
previously unpublished photos of Tesla transformers. 


267. WIRELESS TELEGRAPHY PROBLEMS FoR OrrgATOns. W. Н. 
Eccles. (Wireless World, 7, pp. 331—332; 400—403, 
October, 1919.) 
Shows how operators may assist in research work, often with the simplest 
of apparatus, by making observations in various parts of the world. 


268. DupLEx TELEPHONY ву “ WirRED Winzress." K. W. Wagner. 
(Elektrotechnische Zeitschrift, 40, pp. 383—388, August, 
1919. Technical Review, 5, p. 80, October, 1919.) 

A description is given of experiments in the direction of duplex or multiplex 
telephony by several superimposed high-frequency currents along a telephone 
line made by the German Telegraphen Versuchsamt since 1912, and in 1918. 
It is proved that radio-frequency currents are damped out in the line to a 
considerably greater extent than audio-frequency currents, partly owing to 
skin effect and partly to radiation losses. — In the case of similar experiments 
along paper-insulated cables there is an increased damping arising through 
the large dielectric losses. With coilloaded cables the loading coils must 
be bridged Бу condensers. The system used for the Berlin-Hanover line is 
described with diagrams. It includes a device for eliminating harmonics 
from the emitted waves and for preventing the received signals from reacting 
on to the sending apparatus. | 


2 —— 


2. Book Reviews. 
Précis p’Erecrriciré Тнёовіоое. By Léon Bloch, D. és Sc. 
(Paris: Gauthter-Villars et Cie. Рр. уі. + 476. Price 30 fr.) 


A simple mathematical treatise, in which, starting from the most 
elementary facts, the reader is taken step by step through electrostatics, 
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magnetism and electromagnetic theory. The latter is based on the Lorentz 
modification of Maxwell’s theory, and follows along lines very similar to 
those of Féppl and Abraham’s “Electricity and Magnetism.” Vector 
methods are used throughout and the whole treatment is remarkably lucid. 
The first ten of the fifteen chapters deal with electrostatics, magnetism, 
induction, etc.; the last five deal with electric oscillations, coupled circuits, 
propagation of waves, radiation from antennz, electromagnetic optics, 
electrodynamics of moving bodies, the equations of Hertz, Lorentz and 
Minkowski, and the optics of moving bodies including the theories of Lorentz 
and Einstein. 

The book can be read with ease by any one familiar with the elements of 
the calculus and vector algebra, and can be confidently recommended to 
those wishing to lay a sound foundation of electromagnetic theory. 


G. W. O. H. 


La TELEGRAPHIE SANS Fit, гл TÉLÉPHONIE SANS Fit—Appuica- 
TIONS DIVERSES. ByG. E. Petit and L. Bouthillon. (Paris: 
Libratrie Delagrave. Pp. vii. + 304. Price 15 fr.) 


In the preface Professor D’Arsonval has written to this book he refers to 
“ the supreme achievement ” of wireless telegraphy in communicating over 
a distance of 20,000 km. between a station and one at its antipodes. As 
he says, this great record has now been established, and nothing could make 
clearer the enormous progress that wireless telegraphy has made in the brief 
twenty years during which it has been a practical means of communication. 
It was in 1896 that Marconi first brought over to England his new “ system ” 
which many scientists looked at with some scepticism. It would indeed 
have been a bold man who, at that date, would have prophesied that within 
two decades wireless telegraphy would be used to send a message from here 
to New Zealand. Long distance wireless is now looked on, more or less, as 
a matter of course, and this book treats the subject in a scientific manner, 
Which takes account of this phenomena very early in its pages. Like nearly 
all French books this treatise is very logical; the method of treatment is 
synthetic; the fundamental laws are stated, and the resulting phenomena 
are worked out. In this respect it is a book which has few equals. It starts 
with a simple study of the production of electromagnetic waves, the emission 
of waves by one conductor, and their reception by another placed on a con- 
ducting earth. The electric waves which are produced by an oscillating 
current in a straight wire are described and the Hertzian equation from which 
the magnitude of the electric waves were first calculated are dealt with 
simply and clearly. Next comes a short discussion of electrical oscillations 
and the production of a damped train of waves, the damping of a train by 
radiation, or, as the authors term it, “ radiance," and the effect of an earthed 
antenna. The problem of reception is discussed and the efficiency of radio 
communication is defined. A very useful feature of this chapter is a summary 
at the end, of the main conclusions arrived at. The second chapter deals 
with the propagation of waves round the surface of the earth. Reference is 
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made to the mathematical theories that have been developed to determine 
the magnitude of the phenomena which might be expected to be observed 
on the assumption of a perfectly conducting earth surrounded by a perfectly 
insulating medium. The theories of the space wave due to Sommerfeld and 
of the Heaviside layer developed later by Eccles, to explain the enormous 
discrepancy between theory and observed effect, when signals are sent over 
hundreds of miles round the earth, are discussed, but the paper by G. N. 
Watson referred to recently by the editor of the Rapio Review, in which a 
mathematical calculation has been made of the effect of an upper conducting 
layer on the propagation of waves round the earth is not mentioned, it was 
published just too late for this edition; it provides a crucial proof, which 
ought to put beyond doubt the correctness of the Heaviside layer theory 
of electromagnetic propagation. The experimental results obtained by 
measuring the variation of signal strength from day to day and month by 
month are mentioned, and the necessary modifications in the empirical 
formula given by Austin and others are referred to. Working in logical 
order, from the waves, the next stage in the study of propagation is the form 
of the antenna, and this subject is discussed in detail in Chapter III. The 
various forms are mentioned, the different methods of excitation of the antenna 
are described, and the effect produced by capacity and inductive connections 
to the earth, and finally the various forms of earth connection. Following 
still the logical sequence, the next chapter deals with the “ transmission ” 
of electric waves. We should use the word “ production," for the chapter 
deals with the methods that are used for producing electrical oscillations, 
г.е., by sparks and arcs and alternators and thermionic valves. 

In dealing first with the spark method, reference to the damping due to 
circuit resistance and to spark resistance is made and curves of variation of 
spark resistance with varying lengths of spark are included. One factor 
has always seemed to the author of primary importance in connection with 
spark resistance, 2.е., the value of the maximum current passing at the 
instant of discharge. The capacity across the spark is of course the quantity 
that controls the current, but it would be most interesting if figures could be 
given of the actual resistance of the spark for different currents. The 
various forms of rotating spark gaps used by the Marconi Co. are described, 
and the quenched spark arrangement of Wien. The Poulsen arc, the various 
forms of high-frequency alternator, and, finally, the three-electrode valve 
or pliotron for generating continuous waves are mentioned. The methods 
of coupling the oscillating circuit to the antenna are dealt with in the last 
part of the chapter. Next follows an account of the methods used for the 
reception of the electric waves. The usual types, 1.е., the coherer, the 
magnetic detector, and the various forms of crystal detectors are clearly 
described, and a good account given of the Fleming valve and its derivatives, 
included in which is a description of the method of heterodyning which has 
proved such an efficient means of overcoming jamming in the continuous 
wave sets which were developed toward the end of the war. Amplifiers 
are just referred to, and the various methods of recording signal 
strength are mentioned, the use of the Einthoven galvanometer is not 


BB 


314 THE RADIO REVIEW |». Vor. I. 


described, though this has proved by far the most successful instrument 
(except possibly the beautiful galvanometer designed by M. Abraham) for 
this purpose. The methods of tuning in order to prevent jamming are 
next dealt with, including an account of the Marconi multiple tuner, 
and the methods of connecting the detector to the circuit, according to 
its modus operandi are described. Chapter VI. deals with the methods of 
detecting the direction from which a wireless signal is coming, and the 
Bellini-Tosi compass is described in detail. The second part of the book 
deals with radio communication, that is, with the problems that have to be 
considered when a wireless station has to be designed. It starts with a 
short résumé of the history of radiotelegraphy, and continues with the 
description of many stations of different types, including the standard 
5-kw. station for land or sea work, the Eiffel Tower station, and the stations 
at Arlington, Sayville and Tuckerton, as well as those at Nauen and Filvese. 
The last three chapters deal with radiotelephony, the transmission of photo- 
graphs by wireless telegraphy, and the transmission of power. The treat- 
ment of radiotelephony is disappointing, as it gives no account of the great 
progress that has been made in this direction during the last year or two. 
The remaining chapters, too, are mere paragraphs, introduced with the view 
of pointing out the possibility of future developments, rather than with the 
object of giving descriptions of methods that are actually in use. The last 
part of the book contains a number of notes which will be valuable to practical 
radiotelegraphists. The first describes in detail the signals that are sent out 
daily by the Eiffel Tower. The next two describe the principles of the 
method adopted by M. Bouthillon in his high-frequency alternators and by 
Joly and Goldschmidt in the Goldschmidt alternator. The last seventy 
pages contain the regulations adopted by the International Telegraphic 
Convention, held in London, in July, 1912. As a text book for students 
who want to know the fundamental principles of wireless telegraphy this 
book is excellent, it covers the ground clearly and well. It is rather dis- 
appointing from the more practical side, and it is not up-to-date as regards 
all the latest developments in continuous wave practice, which have come 
about from an intensive study of the three-electrode valve. For the student 
of wireless, however, who wants to understand exactly what is happening 
when a wireless signal is sent out by a transmitting station and received by 
another station, the book is thoroughly satisfactory. 
E. W. Marcuanr. 


Correspondence. 
TRIODE NOMENCLATURE AND SYMBOLS. 
To тне Егіток or THE “ Каро Review.” 


Sir,—In his letter dated December gth, 1919, in your issue of January, 
1920, Dr. Eccles searches for a suitable symbol for the “ voltage factor ” of 
a triode, in place of Langmuir's k, the not uncommon m, and his own pro- 
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visional g, each of which has something against it. This quantity is the ratio 
between two other qnantities frequently used separately in the theory of all 
triode circuits; for them no generally accepted names or symbols have yet 
been established, and a settlement is at least equally needed. 
Writing, бр %, Up Va for grid and anode currents and potentials, we have 

to deal with the four ratios, all of the dimensions of conductance, 

да“ да Oig 00 

ду да дор OU. 
The first two are the most used, and my own provisional practice has been 10 
represent them by the symbols g and a, using g/a for Dr. Eccles’ “ voltage: 
factor” g. In his recent article in this Review,* Dr. Eccles has adopted 

hg, ha, 9o да 

for the four conductances respectively. The unfortunate coincidence, 
doubtless accidental, between the main letter and its subscript in the third. 
symbol only, detracts from that easy consistency so desirable as a minor 
mental relief ; and a preferable series would appear to be 


а, аа» gg; да. 

But the name is yet more important than the symbol. Algebra is mainly 
a thing of writing, not of speech; and a writer may begin by defining an. 
entirely arbitrary amnemonic set of symbols such as Professor Fortescue’s 
in his recent paper on multi-stage amplifiers.T The reader can always glance- 
back. Conversation is much impeded, however, whenever A talks triodes. 
to B or Cor D, by the necessity to preface his remarks with such statements. 
as: “ When I say g, I mean the rate of change of anode current with grid. 
potential." 


It has been suggested, I think by Mr. E. V. Appleton, that the terms 


02 
anode conductance (= — 
ОДА 
Ola 
mutual conductance | = 2 
g 


grid conductance (- 2%) 
tg 


should be used ; and this suggestion seems to provide a good basis. Mutual 


e e a . Ф . 01 . 
conductance, however, is obviously an inaccurate description: if T is the 
g 


. 0 | ; 
mutual conductance, what is av. ? I suggest, therefore, as fairly brief and. 
а 


quite unmistakable, the terms set out in the table below; and I should be 


* November, 1919, p. 77. 
T See Rapio Review, January, 1920. p. 179. 
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disposed to accept v for the ratio а/а; as being the most writable and speak- 
able of the symbols offered to us by Dr. Eccles. 


yir Full Name. Colloquial Abbreviation. Symbol. 
Ola е . 
2-2 Anode-grid slope conductance | Anode-grid conductance | ау 
Ug a] Ga 
| 0 
Ola =v 
2v. Anode-anode slope conductance | Anode conductance da 
а 
Olg КЕРЕ ; 
AD Grid-grid slope conductance Grid conductance gg 
0% 
Og . е 
зо Grid-anode slope conductance | Grid-anode conductance | ga 
a 
. L. B. Turner. 


King's College, Cambridge, 
January toth, 1920. 


To THE Epiror or THE “ Ravio REVIEW.” 


Sin, —I was very much interested to read Dr. Eccles’ views on the Physics 
of Amplification. The arguments for an amplifying factor of zero dimen- 
‘sions should surely be overwhelming. It is true that one finds in a recently 
published book on valves, the following statement, “. . . thus small changes 
of grid voltage produce comparatively large changes of anode current ” (the 
italics are mine) and later in the same book, the slope of the grid voltage- 
anode current characteristic is suggested as the current factor of amplifica- 
tion. In this connection it is well to note that in a typical valve under 
amplifying conditions a change of grid voltage of unity produces a change 
in the anode current of 5 X то“ amperes so that the phrase “ comparatively 
large changes of anode current" appears meaningless unless the effective 
resistance of the anode circuit is specified. One is inclined to hesitate before 
assuming that this confusion has been brought about from the fact that 
characteristics are very often plotted on such a scale as to make the slope of 
the steep portion greater than 45 degrees. 

| E. V. APPLETON. 
Cambridge, 
Fanuary 19th, 1920. 


ERRATUM. 


Page 239. The first line of Dr. McLachlan’s Paper should read, “In 


using two-electrode thermionic valves . 
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The Kallirotron, an Aperiodic Negative- 
Resistance Triode Combination.* 
By L. B. TURNER, M.A. 


I. INTRODUCTION. 


In wireless telegraphy it is common practice to exalt the amplifying action 
of a triode by introducing magnetic or electric retroaction between the 
oscillatory circuits connected to the grid and anode. It is well understood 
that the most important effect of such retroaction is the reduction of the 
ohmic resistance of the circuits; and this may be conveniently, if more 
abstractly, expressed as the introduction of a negative resistance into the 
circuit. Since the circuits comprise inductance and capacity, their impedance 
cannot be reduced indefinitely towards zero as their resistance is decreased, 
except for sustained alternating currents of the particular frequency (or 
frequencies) to which they are tuned. 

In a recent triode invention known as the “ Dynatron," t by virtue of the 
phenomenon of copious emission of secondary corpuscles from a plate under 
sufficiently violent bombardment by primary corpuscles, the same negative 
resistance effect is obtained in quite another way. And the dynatron, being 
applicable to circuits containing resistance only, as well as to oscillatory 
circuits, is competent to reduce indefinitely the impedance of a circuit for 
currents of any frequency, including even steady currents. 

The arrangement to be described here consists of a combination of circuits, 
which may be aperiodic, including two ordinary triodes in which secondary 
emission plays no part, whereby electrical resistance is annihilated—the 
result achieved in the dynatron by dependence on secondary emission. 
Some reference name being necessary, the arrangement has been termed the 
* Kallirotron.” | It will be best understood by examining the device in 
some detail as an amplifier of electromotive force of any frequency. 


2. THEORY oF KALLIROTRON. 
Consider the circuits shown in Fig. 1. Here two ordinary triodes, with 


* Paper received in final form December 24th, 1919. Да 
T “Тһе Dynatron. A Vacuum Tube possessing Negative Electric Resistance.” А. W, 
Hull, Proc. Inst. Radio Engineers, February, 1918. 
t Second syllable accented, vowel short. From каХМрооз = easy flowing. 
сс 
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their filaments joined and heated by a battery not shown, are connected by 
batteries and resistances disposed in a kind of vicious circle; and at two 
points small E.M.Fs. e, and Е, may be introduced. 

Let the condition of the triodes be given by the equation 


оре Ара c x ра dae xx 20) 


expressing the relation between small changes of anode current, and anode 


1 І- 


H--] 


n 


an 


= 
Е 
e 
m 

tA 


Fic. 1. 


and grid potentials; а and g being the familiar conductance parameters of 
the two anode current characteristics. * 

Assuming that changes of grid current are negligible in comparison with 
changes of anode current, the effect of the small E.M.Fs. e, and Æ is 


given by 
él, = a, [E — (r4 + RE) 944] + 9,. 9v, 
m Во = МЕ: |+а (n E в.) ~ ab; |. 20... Q 
91 
Also DU E Oly м5 4-0 50% (3) 
Also 61, = — a, (rg + Ra) 91, + до. 6%, 


* a and g are the conductance slopes Ко and kı of Professor C. L. Fortescue's paper, “ The 
Design of Multi-Stage Amplifiers,” read before the Institution of Electrical Engineers on 
November 19th, 1919. (See Rapio Review, 1., pp. 178—181.) 

01 0 


а = 9; g = 2. The graphical significance of а and g, and an idea of their 


до ov 


magnitude in the pattern of triode most used in the war, are given at a glance by Fig. 2. 
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1.е., Sla [1 + a4 (To + E] = до. 80, 
= —gor,.0l, . . . from (3). . . . . (4) 
Also 00, = &— r4. 01, 
M 7» go Tı 91, 
Bi ду Exc . . . from (4). . . . (5) 


Equating (2) and (5) we obtain 


ап a Б оо EE ge. © 


If we make e, — 0, we get from (6) 
E +4 (r, + Ay) ][1 + а (r3 + Ra) ]— дъба» (T) 
él, @ [1 + a (ra + Èd] = oC 7 77 


This expression is the effective resistance of the 7, circuit for small changes 


I,vcharoacleristic 


V= constant = 85 volts 


-20 -10 о 10 20 30 40 50 60 70 80 90 100 
ANODE POTENTIAL V OR GRID POTENTIAL V — VOLTS. 


Fic. 2. 
of J,; it may be re-written 
af 
Pie = Т, 
= p— 2,2 22. (8) 
2. ет Фа P2 


where ру = (= +r + Ry) and p, = (2+ Y) + в.) are the intrinsic 


(non-retroactive) resistances of the anode circuits. 


сс? 
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It is thus seen that the effect on the 7, circuit of the retroaction between 
the two triodes is to introduce a negative resistance of magnitude 


Jm uU ы зы ва ы ыл коз (9) 
01 % р 


- 


where ра =; + 7 + E. 


Under suitable conditions this negative resistance introduced by the retro- 
action may be made to approximate as closely as may be desired to the 
intrinsic positive resistance p,, thus reducing the effective resistance to a 
vanishingly small value. 

To examine the arrangement as an amplifier of E.M.F., let us make Е, = 0, 
and find the magnification ratio m between the applied small E.M.F. e, and 
the resulting change of P.D. (У, —8V,) between the anodes. Тһе 
magnification is 

m" (rı + Èd 81, — (ra + Во) 81, 


e 
nt A) („++ В.) +A. В (+ в.) 


1 1 0% 9 
(а-а) (+ ra +B) — B. rn 
. . . from (4) апа (6) . . . . . (10) 


If we take the simple and practical case of дъ, йо 94, g all approximately 
constant, it is clear that by increasing 7, and (or) 7, we can make the denomi- 
nator as nearly zero as we like, and therefore the magnification as nearly 
infinite as we like. If the denominator becomes less than zero, the system 
passes irreversibly into a widely different equilibrium with different values 
of а and g. The practical limit to m is imposed by the inconstancy of 
resistances, batteries, and triodes, particularly the last ; and by the necessity 
of avoiding the instability which may accompany the slight changes in а 
and g set up by the signal to be amplified. In cases where the incoming 
signal e, may be of either sense, instability has to be carefully guarded 
against if high amplification is to be obtained. If instability is not avoided, 
the device behaves like the “ trigger relay” of Eccles and Jordan,* the 
connections of which are substantially those of Fig. 1 with R, В, and E, 
omitted. 


3. MEANS OF OBTAINING STABILITY. 


In order to obtain an amplifier at once sensitive and stable, that is an 
amplifier in which a small signal produces a large change continuing only as 


. © “A Trigger Relay utilising Three-Electrode Thermionic Vacuum Tubes.” British 
Association Meeting, 1919. See Vol. I., No. 3 of this Review. The Kallirotron was devised 
subsequently to, but independently of, the “ trigger relay." In its theory the trigger relay 
is a particular case of the unstabilised Kallirotron. 
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long as the signal continues, the expression for m (10), must be large but 
must not become infinite under the action of the signal. That is 


2. пя (zn R) (++) - + (HH) 


The effect of the signal on these expressions is to alter, if only very slightly, 
the quantities 4), до 94, Jo But the ratio g/a in a triode changes very much 
less rapidly with changes of grid and anode potential than do а and g 
separately. We may therefore regard the L.H.S. of (11) as unaffected, 
but the R.H.S. as affected, by the signal e. Hence m will vary only slightly 
with e if we make the external resistance (r+ R) of the anode circuit much 
greater than the internal anode resistance 1/0. This is the familiar condition 


; T . OV ; В 
for making the magnification ratio <— of a single triode approximate to its 


бо 


limiting value g/a. The only practical difficulty in meeting it is that higher 
values of (r + E) necessitate anode batteries of higher voltage. For example, 
if we wish to work on a fairly steep portion of the 7,v characteristic without 
appreciable grid current, we need an anode potential of (say) 85 volts and 
current about 14 milliamps. So that with (r+ R) = 4(1/a) = 80,000 ohms 
(say), the battery could not be less than 200 volts. Even then the change 
in each of the terms on the R.H.S. of (11) would still be as much as 20 per 
cent. of the change produced in a. 

But the R.H.S. of (11) contains both a, and а,, and if the product of the 
two terms (Ша + rı + Е.) and (1/a,-+ та + Ra) remains constant, changes 
in the individual terms do not matter. If there is any approach to 
symmetry between circuits І and 2, it is clear that when a, increases 05 
will decrease, since the potential and current changes are opposite in the 
two triodes. · A convenient course is to make the two triodes and their 
circuits roughly similar; and if in addition we arrange to work over 
nearly straight portions of the До characteristic (1... а and g nearly 
constant) we can obtain a fairly constant magnification (10) over a wide 
range of signal strength. | 

Stability may, however, be ensured without imposing any conditions of 
symmetry or rectilinearity of characteristic, merely by working always with 
that grid potential v which gives maximum magnification for the particular 
values of the resistances r and R, and controlling the amount of this 
magnification by adjusting the values of the resistances.* This process of 
adjustment, which is quite easily carried out, entirely prevents any signal, 
however strong, from producing the trigger effect; 7.6., ensures that the 
conditions after the cessation of any signal shall be the same as before its 
arrival. Magnification must then fall off as the strength of signal increases ; 
it can be made to fall off slowly by providing the symmetrical and rectilinear 
condition described above, or rapidly to emphasise the limiter effect as 
described in section 7 below. 


* See No. 3 of the working instructions for a particular Kallirotron amplifier, Fig. 6 of this 
paper. 
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4. SYMMETRICAL Ствсоттз. 


The symmetrical case is of practical importance, and is specially easy to 
deal with theoretically. Putting 


9 = 9 = 9 
Т = 0 == 7 
ехргеѕѕіопѕ (8) апа (10) Бесоте 
zy r2 А 
в-р-(2 ер 5242 Bee ж (2) 
where p zs Ma +r 4- R. 
ers Le. —— WS) 
а 9 
poer 


The value of m (when large) can be significantly expressed in terms of the 
ratio between the external anode-circuit resistance (r + 7?) and the effective 
resistance р. From (12) we have 


1 g g 
= (p+ Zr) (»- 2 r) 
=2(p—2 .”) арргох. 
m= 28 TES 0... frm(3 ... . (M) 
300 volts. 
ur e it 
nh а и R ( )6me 
ý e 
7-1 
АС XG 
r 
i о ! 
m 
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Thus, for example, if it were feasible to keep the effective resistance of the 
whole anode circuit at 1 рег cent. of its part (r + Б), we should have a 
magnification 200 g/a. With the pattern of triode of Fig. 2, this would be 
about 1,600. 


5. EXPERIMENTAL RESULTS WITH KALLIROTRON AS AMPLIFIER. 


The only Kallirotrons so far made up have been for low-frequency signals. 
This is the easiest form with which to experiment, since small stray capacities 
are innocuous, and the resistances may be ordinary wire bobbins wound 
non-inductively as for wire telegraphy. Stable magnifications up to 2,000 
were obtained without difficulty. In order to measure the changes of P.D. 
between the anodes, a high-resistance voltmeter consisting of a microammeter 
with a few megohms in series was sometimes used. But a more convenient 
arrangement is shown in Fig. 3, where the P.D. between the two anodes of 
the Kallirotron is applied to the grid-filament of a third triode, in whose 
anode circuit any convenient instrument may be inserted. In the tests 
quoted below, this instrument was a moving-coil voltmeter of 65,000 ohms 
reading to 500 volts. The change of voltmeter reading then indicated 
about six times the change of Р.О. (V, — V.) between the Kallirotron 
anodes, and is shown as 6me, where m is therefore the Kallirotron 
magnification. 

In Table 1 below, three tests are fully quoted, to show the sort of values 
which may be worked with and the magnifications obtainable. The 
magnifications given are the highest which could be obtained with tolerable 
ease and certainty. 


TABLE I. 


volts. volts. | volts. | volts. |volts. 


$ ar r R B b Ii Г Yi | V3 v1 ға е 6me 
& | volts.| ohms. | ohms. |volts.|volts.| mA. | mA. foe. 


—— | ———— | ——— | ——————— eee |———À|————— [————— M fn L——— |—— 


01 108 —4:5 | — 5:6 |002 | 25 |2,000 


1 | 4-0 |10,850 |50,000 |150| 0 | 0-8 | 0-7 |101. 
2 | 8-5 11,040 50,000]150| 0 | 0-8 | 0.7 101 108| —42| —5:3,002 |10 | 900 
3 | 4-0 | 7,600 130,000 |150| 8 | 14| 1-4 97 | 97| —2.2| —2-4|-002 | 20 1,700 


The figures of Table 1 may be used roughly to check the theory set forth 
earlier in this paper. The triodes used were a pair whose characteristics 
were nearly identical and had been determined, and the approximate values 
of a and g have been computed from the curves. Expression (13) shows that 


TABLE 2. 


ý R a g l/(a + 7 + Е) (g/a)r 

Test. ^ ohms. ohms. mA/volt. mA/]volt. ohms, ohms. 
1 10,850 50,000 0-030 0:25 94,000 90,000 
2 11,040 50,000 0-0275 0-23 96,000 92,000 
3 7,600 30,000 0-034 0-29 67,000 65,000 
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instability should occur when 

Та +r + R= (gjor ....... . (15) 
In Table 2 these quantities are tabulated for the tests shown in Table г. 
The agreement between the last two columns is quite as close as could be 
expected from the rather rough computations of a and g, in which the errors 
might well be as much as 10 per cent. 

Another experiment may be quoted for the benefit of those who feel 
difficulty in regarding the conception of negative resistance as anything 
but a fantastic mathematical artifice. In place of the resistances R, and 
В, were placed the two magnet bobbins of a post-office relay, re-wound with 
finer copper wire (S.W.G. 47). The time constant of the relay actuated 
directly from a battery was, of course, quite small—probably a fraction of 
1/100 second. But when inserted in the anode circuits of the Kallirotron, 
the relay became more and more sluggish as the magnification was increased, 
and with large magnifications it would not respond quickly enough for even · 
the slowest practicable hand-speed Morse signalling. The inductance L of 
, the relay being constant, the time constant L/p, became greater and greater 
as the negative resistance (o — p,) (section 2) was increased. The relay, at 
any rate, was able to appreciate the reality of the negative resistance. 

A Kallirotron amplifier constructed after the principle of Fig. 3 is shown 
in the photographs, Figs. 4 and 5, and by the diagram of connections and 
instructions, Fig. 6.* "The circuits only differ from those of Fig. 3 in that 
grid batteries are dispensed with, and that a small capacity is bridged across 
from grid to grid of the Kallirotron combination for the purpose of preventing 
the occurrence of high-frequency oscillations determined by the accidental 
inductances of connections between grids and anodes and the other portions 
of the circuits. The resistances are bifilar bobbins of the form used in 
ordinary telegraphy. Their self-capacity provides the only limit of frequency 
(viz. an upper limit) for which the instrument is suitable. It can be used 
for currents of Morse signalling frequency, the output circuit being then 
(presumably) an electromagnetic telegraph relay; or for currents of low 
acoustic frequency, the output circuit being a telephone or any galvanometer 
or recording instrument; or even for speech frequencies. It is, in fact, a 
remarkably powerful telephone amplifier, although the efficiency as such 
is believed to be far short of what it would be if the resistances were wound 
for low self-capacity as is customary in telephonic work. 

With this instrument it is possible to operate a Post Office “ В” relay 
(re-wound with finer wire) with a signal of no more than + І millivolt— 
i.e., much less than the weakest signal encountered in submarine telegraphy ; 
and of course: it faithfully reproduces a quasi-permanent signal (¢.g., a 
prolonged spacing current in double-current Morse work), which no trans- 
former or condenser circuit can do. As a telephone amplifier, if A. speaks 
in an ordinary conversational voice 10 or 20 feet from an ordinary pair of 


* This instrument was designed and constructed at the Signals Experimental Establishment, 
Woolwich. I am indebted to Lieut.-Colonel Cusins, C.M.G., R.E., for permission to reproduce 
the photographs. 
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1. Circuits AB are а“ Kallirotron " combination by which signal P.D., amplified up to 
2,000 times according to setting of reaction AB, is applied to grid-filament of triode C. 
Each of the three adjustments provided for is effected coarsely by rear handle and 
finely by front handle. 

2. Use “R” triodes. Use very steady batteries for A and B, the anode batteries being 
approximately equal and roughly тоо V. All batteries must be well insulated. Anode 
battery C may be тоо V. or any convenient value. 

3. Open reversing switch. Adjust reaction AB until left milliammeter is very sensitive to 
potentiometer A in the most sensitive region ; but is without instability indicated by 
flicking of milliammeter and backlash on potentiometer A. The more nearly reaction 
AB is increased towards instability, the greater the amplification obtained. Leave 
potentiometer A at middle of sensitive region. 

4. If, owing to dissimilarity of triodes AB, adjustment cannot be made, interchange these 
triodes. 

5. Close reversing switch to 1 or 2, whichever does not affect left milliammeter. In order 
that C may not upset AB, potential of grid C must always remain negative; it is 
determined by switch positions 1 and 2 and adjustment of potentiometer C. Adjust last 
to give about 1 mA. (if 100 V. used) in right milliammeter. 

6. Slightly re-adjust potentiometer A and potentiometer C if necessary. 

7. Signals of 1 mV. or less will then produce changes of current (right milliammeter) in phones 
or relay up to about 4 mA. per mV. Earthy part of signal circuit should be joined to 
terminal marked E. 

8. Beware of bad insulation, and of batteries AB changing voltage owing to large changes of 
temperature or to becoming exhausted. 


Fic. 6. 


high-resistance headgear telephones lying on a table and connected to the 
input terminals of the instrument in another room, B. hears loud speech in 
another pair of phones connected across the output terminals. 


6. KALLIROTRON AS TELEPHONE AMPLIFIER. 


The Kallirotron as a very sensitive amplifier for speech currents is of 
considerable interest ; for in telephony there must be approximately equal 
amplification over a very wide range of frequencies (such as 200 to 4,000 
periods per second), and low-decrement oscillatory circuits of the telephonic 
frequencies must not be used. Either of these conditions alone rules out 
the periodic form of retroactive amplifier. In the Kallirotron, the amount 
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of amplification is independent of frequency, and there are no oscillatory 


circuits. 
7. KALLIROTRON AS LIMITER-ÀMPLIFIER. 


We have seen in section 3 that if 
+ R >> l/a, 
the mean value of m is only slightly affected by the strength of the signal 
е. Conversely, to get a powerful limiter effect, we should make 


БЕ << la. 
This is most fully accomplished by making A, = R = 0, as in Fig. 7. 


llr- - + 


г Al 


І, h ME 


ilt-- 4 


е 
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Expression (10) then becomes approximately 


Qe E И 
007 Mg 77 аба, t? 

As a close enough approximation for our present purpose, let us simplify 
the ids by taking 


We may then write in place of (16) 
his (— 9, 
97% 


-1..9 gs 
ай» Qi 9% 
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In this expression, provided that m is large, the change produced by the 
signal is substantially confined to the first term of the denominator ; and the 
more rapidly 1/(а4. 09) increases, the more rapidly does m decrease, as the 
signal e increases. 

Now an examination of the enlarged foot of an I, v characteristic such as 
that in Fig. 2 shows that over a suitable portion of the curve (¢.g., around 


v = — 8 volts in the case of Fig. 2) g, and therefore also a, is approximately 
doubled by a 1-volt increase of grid potential. Let us then write 
da cg (1 ы е), 


where a, æ are the values of дъ а, with indefinitely weak signals. 
Then 
1 1 


ай, 249 (1 — €) 


2 
ШЕ nd approx. if e? <<< 1. 
5192 


Hence from (16) 


e 
m ш 9%" LA Got) — тез 
where p is the value of m with indefinitely weak signals. 

The significance of (18) is best seen from a numerical example. 
For simplicity we will take the symmetrical arrangement. Suppose 
V, = V, = 85 volts, v, = v, = — 8 volts; then approximately g, = да = 
0-08 mA./volt = 8 x 10-5 mho, anda, = a, = 1 x 10-5 mho. The approxi- 
Ша values of 7) = Та = r are calculable from (15), putting В = 0; 
thus 


+- 


1 
19 T—87- - 
5 
2, Еш 10 ohms. 
With these numerical values (18) becomes 
| 1 1 e 
MIS 
7 7 
E 
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Hence output is 


This quantity increases as e increases ; passes through a maximum value 


when e = J = ; and falls asymptotically to zero. In Table 3 the values 


of the output me are tabulated against values of the input e between 
0 and 1 volt, for the two zero-signal magnifications p of 1,000 and 100. 


TABLE 3. 


Output volts. 


и = 1,000 һ = 100 


Zero. Zero. 
0-10 0-01 
1-0 0-10 
9-6 1-0 
24:0 (max. — 
19-4 1:1 


2-4. 


The table shows that we have produced a limiter-amplifier in which, 
when the signal reaches 0-049 (or 0-155) volt, any increase of strength 
actually reduces the output. Thus if this limiter-amplifier were applied to 
an antenna (nearly aperiodic or slightly mistuned to the signal) receiving 
a continuous-wave signal of something (say) between 1 and 10 millivolts, 
it should be possible, with proper precautions, by the ordinary tuning 
processes applied after the limiter, to select the desired signal and reject 
atmospherics and spark signals however strong. | 

Owing to the difficulty of devising suitable finely adjustable resistances 
for high-frequency currents, a good deal of experimental work is likely to 
be necessary before a satisfactory Kallirotron for wireless signals is con- 
structed ; but the urgent need of an effective limiter, as providing one 
method— probably the simplest—of overcoming jamming, seems to make the 
attempt well worth while. It may be convenient to use thermionic circuits 
(of independent thermionic tubes) as the resistances 7, fa. 


8. KALLIROTRON AS OscILLATOR. 


Any negative-resistance device can obviously be used to produce sus- 
tained oscillation. One simple arrangement is that shown in Fig. 8, where . 
the circuit LC begins to oscillate with approximately its own independent 
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frequency as soon as the retroaction has been increased sufficiently to reduce 
the resistance of its anode circuit below zero. Where such an oscillator is 


to be used for wireless telephony, speech control can be effected by a micro- 
phone M and transformer, the secondary of the latter being conveniently 
inserted between either grid and its resistance r. 


Damped Oscillations in Coupled Circuits. 
By С. BRAMWELL EHRENBORG. 
(Continued from page 224.) 
It will appear in what follows that a, B, p ала 0 are the most important 
of the constants which occur in equations (9), and in Figs. 1 to 4 a graphical 


; . a ; 
representation has been given of the ratios 7 апі Р for various values of 


Е.С; and of k. Each curve has been calculated on the supposition that 


242 
E,C,, ВС, and и, аге kept constant and that %4 alone varies. The quantity 


я : А ) . RC ; 
а which appears in the scale of ordinates is the ratio Уя It is known 
Чо 


that if circuit I is removed altogether, so that circuit 2 oscillates by itself, 


the logarithmic decrement per semi-period of these oscillations ва 50, 
Ug 


Vor. 1. 
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2 . . . . . . е 
so that а = - х logarithmic decrement in circuit 2 when isolated. As in 
п 


practice one rarely encounters logarithmic decrements greater than 25 рег 
cent., а will seldom exceed 0:16. 
ЕС, 


When БС. = R,C, we see by (12) that © EL 


р; hence, if we give the 


value 2-00 a, we see that the curve showing when В,С, = БС, may be 
и 


used as а representation of p. Accordingly the numerical values of all the 
constants а, В, p, q can be found from the curves in question. 


We now have to integrate equations (9). If D stands for the operator Е. j 
and if we operate on the first equation with D? + 28D + q? and on the 
second with fD and then subtract, the result will be in symbolical form 


((D? + 2aD + р?) (D? + 28р + g?) -fgD?1 — 0 . . (13) 


1\ (1 
tg) (gs) 


We have fg — (2 1 ) — (R0, — R0)? р?а?, and by 


applying equations (5) this easily reduces to 


k? (ВС. — RC) 
втер АТ REEL 
2 


ё р 
On account of the presence of the factor (R,C, — RC)? this is quite а 
small quantity, so as a first approximation we may take as particular solutions 
of (13) the quantities e(- «t + 93 — a), q( — at — it Vp? — o3), el— pl + UNP — Bi) 
and el- f — #70 —8), Before going any further it is necessary to examine 
how these solutions are affected when fg is taken into consideration. We 
wil suppose that the effect of this is to change the first solution to 


€(— (a + ло + ito + Ap} - (а + А! We will assume that Ap and Aa are so 
small that their squares and product may be neglected, an assumption that 
will be justified when we have found the actual values. On this assumption 


we find 


FURENT RUN PCM ———.  pAp— ада 
М (p + Ар)? == (a + Aa)? = мар? — a? + pi ав? 


so that the second approximation to the solution is 
е {— а + ivp — ak — Aa + i(p Ap — ада) Мо? — a2} t 
By substituting this quantity for z in (13) we can determine the values of 


5 .p Ap —a å 
Ap and Aa. If we neglect 2fg (—a+iwpt—at)(— Aa tit e) 
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in comparison with fg(— a + iW p? — a)? and if we notice that 
(— a + мр? — a3? + да (— a + №? — a?) + р? = 0, we get as the 


result of the substitution 
e PEE E енеке A 2 ань 
[ора (— a раз) + 3g (a ivp) + | x 


. p åp — m 
(7 Aa ti аа) Лиса іу таз | x 


де a+ in/pa— a2 — Aa + i (p Ap—a да) / p = HO 


If this equation is to be satisfied, the real and imaginary parts of the 
expression inside the square brackets must be separately equal to zero, so 


we find 
((p* — 9) — 4a (a — B)) Aa + 2p (a — B) Ap = — fga 
{4(p? — 2a?) (a — B) + 2a (p? — 9?) } Aa — {2p (p? — g?) — 4ap (a — B) Ap 
= fg (р? — 2а?). 


It is quite sufficient for us to know the order of magnitude of Aa and Ap, 
accurate values not being required, so we will neglect a? and В? іп comparison 
with р? and 42; the above equations then become 


(р? — q?) Aa + 2p (a — B) Ap = — fga 
на — q?) + 2p (а - Ba – p — 9 Ар = +5 Ло 


of which the approximate solutions are 


k?u,u(R,C, —RC,)* , 
Ла = са ala — Вр) = — as СО  — и 
(а-а) | 
иди (ВС. — ВС.) 
Ap = — Ig реа лат? p 
Фор 


If we investigate the solution г = <--#М”- а) the same values of 


Aa and Apwill be arrived at, and in the case of the two remaining solutions 
the corresponding quantities are 


АВ = — qi o etf Bp zd аа ара (и — ug) 


(15) 


1 1 
G5 
G-p - (16) 
Aye Jg E Ки (ВАС. — ВС»)? 
4- opt — 9) I= COME NE 
(a 7») 
We notice that Aa — — Af and 2p = — "i 


D D 
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"The numerical values of "d are exhibited in Fig. 5, where the constant a 


has the same meaning asin Figs. 1 to4. Itis seen that when R40, = 0:5 R,C, 
(or 1:5 R03), = EN 0-004 if k = 0-10 and a = 0-16, so under these circum- 
stances Aq (and Ap) can evidently be neglected. As the writer has no 


R,6,— R 0 z t 0:5 RC 


Values of Aq/q. 


"m 


numerical data which would enable him to say what values of the rano. 


RC 

are likely to be encountered in practice, he has chosen the values 0-5 and 1-5 
in a purely arbitrary manner for the purpose of calculating curves in con- 
nection with this paper. It is, however, a simple matter to modify the 
curves from the formulæ when other values of the ratio have to be considered. 
The logarithmic decrement per semi-period of el—at+iüivpī— a) is 


101 
2 


та а 1 е е е а 
Ws eae Amie. Ji gs j SO it is of importance to know what — becomes 
Мр“ —a PV 1—a4/p p 


in the second approximation. It evidently takes the form 
а + Aa -а да адр a a К.С — RCo) (U — ue) Ap 
pt^p p p рр P p (3-3) Е 
p Фор 
В- АВ _B 21. В _ (R,C, — RC.) (ш — и») Aq 
4--44 4 4 ЛЕ i x) q 
Фор 
(С. — ВС) (uy — и) and B,C, — RoCo) (U, — us) 
1 142 
pla- р) 
which we shall call tan 0 and tan ф respectively, in anticipation of the final 
results, where 0 and ¢ appear as integration constants, are shown graphically 


The expressions 


in Fig. 6. On referring to Figs. I—4 we see that tan 0, tan 9, 2 and A are 


all of the same order of magnitude, so if we can neglect Ap and Ag in com- 
parison with p and 4, we are equally justified in neglecting Aa and Af in 
comparison with а and B. It is evidently fairly safe to assert that if Е is not 
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less than 0-1 it is unnecessary to proceed to the second approximation, and 
that when integrating equations (9) we may neglect the product fg. On 
the other hand the maxima of the quantities in Figs. 5 and 6 grow very 
rapidly as & diminishes, so it is clearly necessary to proceed with caution 
when / is less than 0-1, unless 210, — R0, is small. 
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There is a further reason to exercise care when the coupling is very loose. 


: NE a 
From Figs. 1 to 4 we find that the variation in the values of Л and г when t 


is nearly equal to u becomes more and more rapid as & diminishes. The 


"RE Uy — us. 
variation is due to the presence of the factor ae | in the second terms of 


— ae Se 


gp 
5 and Е (See equations (12).) By (6) this factor, which we shall call 2, 


may be expressed in the form ав. where X = “L— “2 and Y = 94. 
м X24 Y? ДАТА 


If X, Y, Z, arelooked upon as rectangular co-ordinates, Z may be represented 


graphically by the surface Z — ZETA 


co-ordinates, i.e. X = p cos ф, Y = p sin ф, Z = 2; then we һауе Z = cos ф. 
A little consideration will show that the surface is generated by the motion 
of a straight line which intersects the axis of Z perpendicularly and rotates 
round it, rising and falling as it rotates in such a way that its height above 
the XY plane is equal to cos ф. The surface can easily be visualised if one 


looks upon it as a spiral staircase where the height of the steps is not constant ; 
опора 


Now transform to cylindrical 
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in fact, for the first half of a complete circuit round the central pillar the 
staircase leads downwards, and then upwards during the second half. The 
point that should be grasped is that near the axis of Z the slope of the surface 
is very steep. Suppose that we are experimenting with two circuits which 
are very loosely coupled ; suppose further that we have adjusted и, to be 
almost equal to и, but slightly less. From any one of a number of causes и 
may now alter slightly so as to exceed up and owing to the steep slope of the 
surface this is enough to change Z from — 1 to + 1, nearly. Hence, unless 


В.С, = ЮСь the values of 7 and Е are practically speaking indeterminate 


under the circumstances considered. 


Кон l a я , 
This indeterminateness of — and E for small values of kis a question of 


considerable practical importance, as is also the fact that Aa, Ap, etc., increase 
very quickly as k decreases, for when making measurements with decre- 
meters and cymometers one usually works with very weak couplings. As 
the readings taken on such instruments are not in general themselves the 
quantities one seeks to discover, but are intermediary quantities which have 
to be interpreted by formulz derived from theory, it is doubly necessary to 
arrange that R,C, = RC, if consistent results are desired. 


(То be concluded.) 


The Production of a Single Frequency in 
Spark Transmitters. 
By THE EDITOR. 


From time to time methods are described and patents are taken out for the 
production of a single frequency in the aerial of a spark transmitter. When 
an aerial is coupled to a tuned oscillatory circuit containing an ordinary open 
spark-gap, the coupling cannot exceed a certain small value without causing 
the aerial to radiate waves of two different frequencies. This way of de- 
scribing the effect is based upon the result of mathematical analysis. If one 
could actually see the current in the antenna or the waves being radiated one 
would certainly describe the phenomenon in a different manner; they would 
see an alternating current of one definite frequency but with a variable 
amplitude. Up to a certain value of the coupling these surges or beats in the 
amplitude of the aerial current do not appear; below this value of the coup- 
ling the amplitude grows to a maximum and then gradually decreases to zero. 
If the coupling is increased, energy is transferred more rapidly to the aerial 
with the result that the transfer is complete before the damping due to 
radiation and various losses has sufficiently reduced the amplitude of the 
current to prevent the E.M.F. induced by it in the primary circuit main- 
taining the spark. The energy is then transferred back from the aerial to the 
primary circuit, and so on until the amplitude is sufficiently reduced to allow 
the spark to be extinguished. As Max Wien first clearly showed, a gap of the 


APRIL, 1920. HOWE: біксік FREQUENCY 337 


Lepel type has such a‘pronounced tendency to extinction that the coupling 
can be considerably increased without causing this surging backward and 
forward of the energy. 

As was stated above methods are continually being devised for giving a 
single frequency in the aerial whilst using an ordinary spark-gap. Let us 
examine this claim a little more closely. The ordinary coupled aerial gives a 
single frequency if the coupling is suitably adjusted. In what then does the 
advantage of the proposed methods consist ? Although not always explicitly 
stated, it is implied that the proposed arrangements allow of a closer coupling 
without introducing beats. If this is not so, it is difficult to see their raison 
d être. In some cases it is definitely stated that the method allows of closer 
coupling. This was so in the system “ 4 onde unique" which we showed to be 
based on a fallacious method of calculating the coupling. 

The only safe and reasonable measure of the coupling is the rate at which 
energy is transferred from one circuit to the other and—excluding quenching 
effects due to special types of spark-gaps—this rate of energy transfer is a 
measure of the frequency of the surges or beats. If the coupling is really 
closer, the energy will be transferred more rapidly backward and forward 
between the spark-gap circuit and the aerial, and the greater will be the 
divergence between the component frequencies. 

It would appear then that, apart from improvements in the spark-gap, 
closer coupling while maintaining a single frequency is a contradiction in 
terms. 

In a paper published in The Electrician of August 6th, 1915, we showed 
that the two frequencies occurring in the solution of the equations of two 
coupled oscillatory circuits could be merged into a single frequency for a 
definite value of the coupling. If the circuits have no damping two fre- 
quencies are always present except for zero coupling, but actual circuits 
always have damping and it was shown that the coupling can therefore have a 
certain small but definite value without introducing two frequencies. That 
is to say, that apart from the initial building-up period.the oscillation can be 
regarded as a damped sine-wave of one frequency. 

It may have been noticed, however, that some of the proposed systems 
employ a combination of magnetic and electric coupling, t.2. energy is 
transferred both by coils and condensers. In these systems the aerial is 
partly precharged. Now іп a precharged aerial, e.g. Marconi's original plain 
aerial, when the gap breaks down, the damped oscillatory current in the aerial 
has its maximum amplitude at the initial moment, whereas in a coupled 
aerial, the amplitude is gradually built up from zero as the energy is trans- 
ferred from the primary circuit. By combining these two processes it is 
possible to precharge the aerial to a certain degree and then to supply energy 
to it by magnetic coupling at a rate sufficient to compensate for the decrease 
in amplitude which would ordinarily take place in a simple precharged aerial. 
In this way the amplitude could be maintained at its initial value for a con- 
siderabletime. This appears to be the idea underlying some of the suggested 
arrangements, but one must not overlook the fact that they involve pre- 
charging the aerial, the disadvantages of which are well known. 
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Duplex Wireless Telephony: Some Experiments on its 
Application to Aircraft.* 
By Captain P. P. ECKERSLEY. 


(1) INTRODUCTION. 


This paper deals with experiments on duplex wireless telephony for aircraft 
carried out at the Wireless Experimental Establishment of the R.A.F. 

With true duplex telephony sets the operator should be able to send and 
receive simultaneously, using the wireless telephone exactly as he uses the 
ordinary wire telephone. The chief problem of simultaneous reception and 
transmission is to protect the receiver from the powerful oscillations in the 
aerial when sending, without detriment to its sensitivity. To indicate the 
magnitude of the problem it may be noted that the standard aircraft trans- 
mitter deals with energies some million times greater than those dealt with 
by the receiver. The systems using a switch to change over from sending 
to receiving may be referred to as switched wireless telephony in contra- 
distinction to duplex-wireless telephony. True duplex wireless telephony 
has great practical advantages over the switching method and by its use a 
subscriber to any ordinary telephone line could be put into communication 
with an aeroplane in flight or with a ship at sea. 

A number of solutions of the problem have been suggested. For use on 
the ground two aerials, one for transmission and one for reception, may be 
employed, placed at right angles and spaced more than one-quarter wave- 
length apart. This is obviously not applicable to aircraft. Frames at right 
angles have also been suggested but it is questionable whether this would be 
very practical for aircraft. 

Balancing systems with two aerials, one receiving and the other trans- 
mitting in which the effect of the transmitting aerial on the other is balanced 
against some equal and opposite effect purposely communicated through 
circuits under the operator’s control, have given considerable success for 
ground work. This method is difficult of application to aircraft on account 
of varying antenna constants when non-rigid aerials are used. There is 
another general method of protecting the receiver in which the earth lead is 
split into two paths and it is arranged that all the transmitter currents pass 
through one path and all the received currents through the other. 

To overcome the criticality of the balancing system a compromise is 
possible wherein the transmitter only oscillates when the operator is actually . 
speaking. Such quiescent aerial transmitters, however, have to be rather 
complicated in order that they may transmit good speech, but by arranging 
them so that there is a small permanent oscillation in the antenna they give 
very much better articulation. This last type of transmitter has been given 
the name of augmented oscillation transmitter and when it is used with a 
partially protected receiver it constitutes a partial duplex system. 


* Abstract of paper read before the Institution of Electrical Engineers (Wireless Section) 
on March 17th, 1920. AM 
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(2) Auromatic Порівх WireLess TELEPHONY SYSTEMS. 


The quiescent aerial arrangement has little superiority as regards the 
user’s point of view over the switching system, as it is still impossible for 
* chipping in” by the other station to be effected. The quiescent aerial 
transmitter was first proposed by the General Electric Company of America 
and later was developed independently by Major Whiddington. It is a 
direct outcome of the choke control system recently described by Major 
Prince.* Instead of modulating by the voice the intensity of a continuous 
source of power supplied to the oscillator as with choke control, power is only 
supplied when speaking. For this purpose the transmitting microphone is 
inductively coupled to the plate circuit of the oscillating valve so that the 
only source of voltage in that circuit is the E.M.F. derived from the secondary 
of the transformer influenced by the transmitting microphone. In an 
improved arrangement the microphone may control an amplifying valve, 
the plate circuit of which is used to feed the plate circuit of the oscillating 
valve. The arrangement is indicated in Fig. r. In this diagram the micro- 
phone M controls the output of the valve V, through the grid circuit trans- 
former T,. The plate circuit of V, includes the primary winding of trans- 
former T, and the high tension battery В, The only source of high tension 
current in the anode circuit of the main oscillating valve V, is the induced 


E.M.F. in the secondary winding of T}. The quality of the radiated speech 
VA 
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* See Rapio REVIEW, г, pp. 281—283, March, 1920. 
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was much worse on the whole than that given by transmitters using the choke 
control method. It lacked a certain mellow roundness, and was sometimes 
broken and peaky. It was found, however, that by the application of a 
small steady voltage in series with the secondary of the transformer T, 
(Fig. 1) of just sufficient value to keep the system oscillating feebly, the 
speech quality was at once changed from bad to good. 

Various theories to account for this effect are set out in the paper. 

An alternative arrangement was subsequently investigated by the author 
in which the grid of the oscillating valve was continually varied in potential 
from an outside source at a frequency corresponding to the natural period of 
the aerial circuit. This was achieved by coupling the grid circuit to a closed 
oscillating circuit tuned to the frequency of the aerial oscillations. 

The general trend of these experiments was to show that the quiescent 
aerial system fails owing to the non-instantaneous response of the oscillating 
valve to the short high tension pulses applied to it—in other words, that the 
high frequency oscillation does not build up as soon as the H.T. voltage is 
applied, while it also persists for a short time after the voltage is removed. 
With all these arrangements it was also found difficult to prevent the receiver 
from picking up high and low frequency disturbances from the transmitter, 
while thelatter was active. "This resulted in deafening noises in the receiving 
telephones when speaking into the microphone, and it was therefore necessary 
to protect the receiver from such disturbances. When this is done it is no 
longer necessary to use a truly quiescent aerial transmitter and a truer 
duplex telephone system becomes possible. 

(3) True Duptex WIRELESS TELEPHONE SYSTEMS. 


In these arrangements any type of transmitter may be employed that will 
ensure the production of good speech quality. The main problem of the 
arrangement was to ensure that the receiver was not suffering any great loss 
of sensitivity due to the presence of relatively large alternating currents 
generated by the transmitter. 

The first suggested method embodied the use of two aerials separated by a 
few feet from one another and using different wavelengths for transmitting 
and receiving. At the receiver a rejector circuit was included to bye-pass 
the induced oscillations of the transmitter frequency and to provide a path 
for the proper received signals. The arrangement used is indicated in Fig. 2. 
The condenser C, provides a bye-path for the oscillations of the transmitter 
frequency and should have as large a capacity as possible consistent with 
sensitivity. Its value may be increased by the use of the series inductance 
L, The shunt circuit L4 C, is tuned to the frequency of the received signals, 
and the receiver is coupled to this circuit by the loose coupling L, L4. A 
safe value for C, is 0-003 mfd. Using an aerial of capacity 0-00025 míd., 
C, can be made to vary between 0:0005 and o-oo1 mfd., depending upon the 
wavelength, and L, may be adjusted to suit the wavelength. It is claimed 
that this circuit is an improvement upon the simple rejector circuit, and that 
it reduces the number of necessary adjustments. The circuit will work with 
a difference of 20 per cent. between the two wavelengths. 


(To be concluded.) 
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Wireless Telephony on Aeroplanes. 
By Major C. E. PRINCE, O.B.E. 
(Continued from p. 283.) 


It was intended to replace the receiver of Fig. 2 which used only low 
frequency amplification, by one including high frequency magnifying 
stages, and for this purpose a five valve receiver was designed by Major 
Whiddington but it was not manufactured in sufficient quantities in time 
to play a large part in the war. “As compared with the early three valve 
receiver however it was about ten times as sensitive for strong signals and 
thirty times for weak ones. It had two high frequency magnifications, and 
two low, and a detector valve. 

The normal working range between machines with the apparatus that was 
generally in use was about four miles, though this was often very much 
exceeded. The range to a ground station was from twenty to fifty miles or 
more. A trailing aerial wire 120 feet in length was used in the transmitting 
machines with an aerial current of the order of 0-4. ampere. 

When larger and more powerful ground stations were put up—as in the 
case of the home air raid defence stations—a machine could speak or be spoken 


to at distances of from 70 to 100 miles. 

With the signing of the Armistice the Cologne postal service was equipped 
with these sets and some remarkable results were obtained. The Central 
Station on this route handled 5,000 messages during the five months that it 


was in operation. 
At the conclusion of the paper a very brief outline was given of the most 
recent apparatus which the author is developing. 


DISCUSSION. 


Captain Furnivat referred briefly to the greater reliability obtained when using high- 
frequency magnification at the receiver than when using only detecting and low-frequency 
magnifying valves. In the construction of suitable transmitting microphones for use in 
aircraft a great deal was found to depend upon the material of the diaphragm as well as 
upon its thickness and size. Mica was found to give the best results but aluminium was 
also good. 

Captain Rounp stated that the grid control modulation method becomes а type of choke 
control when the same valve is used both for generating the oscillations and for the modula- 
tion. The earlier circuit described in which the microphone was directly in series with the 
aerial circuit is a more useful one when larger powers are used, but, in that case, the micro- 
phone could not be directly inserted in the aerial circuit but must be arranged to influence it 
by a suitable coupling. 

Mr. L. B. Turner also dealt with the choke modulation control and outlined its mode of 
operation. He preferred to regard the choke more as maintaining constant the output current 
from the high-tension battery or generator, in place of the explanation given in the paper. 
Looking at the problem from this peint of view, there should be no optimum value for the 
choke inductance аз it would tend to maintain the current steadier the larger its value. When 
however the impedance of the choke coil at the frequency used becomes equal to the internal 
resistance of the oscillating valve, little advantage is gained by further increasing the induc- 
tance. In the example quoted in the paper in which an inductance of § henries was said to 
be required for a sound frequency of 750 per second, the impedance of such a coil at that 
frequency would be about 25,000 ohms. This is rather larger than but of the same order as 
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the internal resistance of the valve. He also showed a diagram illustrating another suggested 
arrangement. In this case the microphone was inductively coupled to the plate circuit of 
a valve arranged to generate feeble oscillations only. The output from this feeble oscillator 
was amplified by a second valve, or by a bank of valves in parallel, and then transferred to 
the aerial circuit in the usual manner. Such an arrangement reduces the difficulty of 
two-way work. 

It has been suggested that the unmodulated residuum of the radiation from the transmitter 
may have some useful effect at the receiver in stimulating the efficiency of the rectifier there 
used. Such an arrangement, however, is extremely inefficient, and it is much preferable to 
provide this steady component at the receiver itself rather than at the transmitter. The 
whole of the transmitted energy should then be modulated, or preferably matters should be 
so arranged that radiation only takes place when speech is being transmitted. At the receiver 
a local heterodyne may be used, tuned dead on to the incoming waves. 

Major WHIppDINGToN. One fundamental feature of radiotelephony should not be forgotten 
in discussing any arrangement of transmitting'or receiving circuits, and that is the change of 
wavelength which is inseparable to voice control of the radiation. If the modulated current 
is in the form of a uniform sine wave of frequency О, the resultant output frequency which 
was originally P, varies between P + Q and P — > hence it is impossible at the receiver to 
tune to all of the waves, and as a consequence the articulatiom becomes imperfect if strong 
reaction 1s used. 

Captain P. P. EckEnsLEY stated that with the apparatus at present used in aircraft shorter 
wavelengths give better results than longer ones. It had been shown that 300 metres was 
preferable to 450 and therefore the wavelength fixed by the International Convention for use 
in aircraft, namely, goo metres, was not at all a good one. It should be possible to find a 
more advantageous shorter wavelength which would be free from disturbances. With reference 
to the advantages and disadvantages of the choke control method it was surely better to 
so arrange the control that the modulation was both above and below the normal intensity 
of transmission instead of merely to modulate below the maximum. He thought that the 
quiescent aerial systems that had been mentioned by Major Whiddington did not give very 
good speech, and their only advantage was that one got rid of the changeover switch for 
changing from transmission to reception. With the choke control method, however, articu- 
lation was very good. The articulation obtained at the receiver was as much dependent upon 
the receiver as upon the transmitter. Breaking of the speech sometimes occurred even with 
the choke control method, but not so frequently as when grid control is used. The most 
serious problem in aircraft work was the elimination of magneto noises. 

Major ViNcEeNT-SMiTH pointed out the enormous advantages of the remote control unit as 
applied to the apparatus described. One of the most important, in fact the most important, 
application of wireless telephony was to inter-machine work. The question of jamming of 
the wireless telephones was also an important one, but it was found that such jamming was 
never a very serious item on the Western F ront. 

Captain McDoveax stated that the main early work was concerned with reducing the size, 
weight and number of adjustments of the instruments. With the soft valves that were at 
first used in these sets adjustments were extremely difficult in the air as it was sometimes 
necessary to warm the valves to obtain the best results. The variations of the wavelength 
caused by changes in the configuration of the trailing aerial had been overcome by the use of 
fixed frame aerials on the machines. Small wavelength variations might also be caused by 
variations in the high-tension voltage. Magneto noises were, however, rather worse on the 
frame aerials than on the trailing aerials. 

А few remarks were also contributed by Major Orme, Mr. Dowsetr and Professor 
FoRTESCUE. 

Major Prince in reply stated that the whole subject of wireless telephony covered a very 
wide field and that he had not intended to deal with all the various problems connected with 
it, but merely its application to aircraft work. He had not intended to imply that there was 
a definite optimum value for the inductance of the choke coil, but merely that the results 
improved as the choke was increased up to a point, but after that there was very little further 
gain. As to the power loss in the control valve this could be reduced to a very small quantity 
under normal conditions, but as soon as the microphone is spoken to the control valve absorbs 
more power. He thought that the idea of choke control originated in America. 
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Review of Radio Literature. 
1. Articles and Patents. 


269. FURTHER Discussion ow “ ELECTRIC OSCILLATIONS IN Ан- 
TENNAS AND INpucTion Colts,” ву J.M. Милев. Ј. Н. 
Morecroft. (Proceedings of tbe Institute of Radio Engineers, 
7, рр. 652—654, December, 1919.) 

A further contribution to the discussion on the paper with the above 
title * pointing out that what the effective inductance and capacity of an 
antenna are when it 15 oscillating in its fundamental mode, is largely a matter 
of the view point. It is pointed out that the formule obtained for the 
capacity and inductance depend upon whether the electromagnetic or the 
electrostatic energy is considered first in deriving the formule. In the latter 
case the relations Le = 8Lj/7? and C, == 0/2 would have been obtained, 
instead of the relations given in the original paper. 


270. ON THE PHENOMENA PRODUCED BY THE INTERRUPTION OF 
A STEADY CURRENT IN AN OscILLAToRY Circuit. С. 
Zickner. (fahrbuch der Drahtlosen Telegraphie, 14, pp. 478 
—498, October, 1919.) | 

The theory of the oscillation produced by the cessation of a steady current 
through the inductance of an oscillatory circuit is discussed mathematically. 

Experimental observations in support of theory are given, including Braun 

tube oscillographs. 


271. DIFFICULTIES IN THE TRANSMISSION AND RECEPTION OF 
SUSTAINED Waves. M. Wien. (Jahrbuch der Drahilosen 
T elegrapbie, 14, pp. 442—451, October, 1919.) 

À non-mathematical discussion of the following points: (4) difficulties 
in the production of oscillations, (b) alteration of wavelength, (с) difficulties 
in distinguishing between sending stations, (4) harmonics, (е) radiation from 
receiving antenna, (f) interference from spark stations, (g) production of 
anode voltage, (5) difficulties in manufacture of military C.W. sets. 


272. THE CALCULATION OF THE SELF-INDUCTANCE or RECTAN- 
GULAR Frar Coins. A. Esau. (fabrbuch der Drabtlosen 
T elegrapbie, 14, pp. 386—394, September, 1919.) 

The calculation follows the same lines as his previous paper on rectangular 
solenoidal coils.T It is not a current sheet method but sums up the effect of 
the separate turns. The result is given in the same form as before, viz., 
L = Вап (8, + Sə) where а is the mean radius and n the number of turns. 
Tables and curves are given for the constants S, and S, which are functions of 
т, а and the pitch of the turns. 


* See Rapiro Review Abstract No. 2, October, 1919. 
T Rapio Review Abstract No. 73. 
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273. STRANDED OR боир Wire? W. Rogowski. (Archiv für 
Elektrotechnik, 8, p. 269, 1919.) 

A mathematical investigation of the conditions under which a coil wound 
with solid wire has a lower high-frequency resistance than if a stranded wire 
were used ; also of the relation between the resistance and the number of 
wires in the stranded conductor. 


274. SKIN Errect ім Iron. L. Truxa. (Archiv fir Elektro- 
tecbnik, 8, pp. 137—144, August 28th, 1919.) 
A theoretical investigation of the apparent resistance and equivalent per- 
meability taking the hysteresis loss into account. 


275. AN OSCILLATION SOURCE FOR Rapio RECEIVER INVEsTI- 
GATIONS. J. Weinberger and C. Dreher. (Proceedings of 
the Institute of Radio Engineers, 7, pp. §84—602, December, 
1919.) 

Describes a triode generating source of sustained oscillations suitable for 
laboratory experiments in which it is necessary that stray electric and 
magnetic fields be reduced to a minimum. Multilayered coils are used to 
reduce the stray magnetic field and the whole apparatus is enclosed in copper 
or brass shields connected to one terminal of the filament battery. The 
source described provides an E.M.F. rather than a current thus simulating 
closely the effect of electric waves on an antenna. 


276. APPARATUS FOR HIGH-FREQUENCY MEASUREMENTS 
E. Nesper and P. Floch. (Physikalische Zeitschrift, 20, 
рр. 371—375, August, 1919.) | 

Àn arrangement of vacuum tubes for a variety of H.F. measurements as 
well as for radio-transmission and reception. 


277. OSCILLOGRAPHIC Stupy or THERMIONIC GENERATORS. K. 
Mühlbrett. (Archw fir Elektrotechnik, 8, рр. 188—190, 
September 15th, 1919.) 

Grid and anode current and voltage waves at a frequency of 50, both as 
an amplifier and as a generator, using a standard Siemens oscillograph. 


278. Harmonic OSCILLATIONS ім DIRECTLY EXCITED ANTENNAS 
USED IN RApDIOTELEGRAPHY. L. Lombardi. (Proceedings 
of the Institute of Radio Engineers, 7, pp. 636—647, Decem- 
ber, 1919.) 

Deals with the author’s measurements of the frequencies, decrements 
.and relative amplitudes of the fundamental and harmonic oscillations of a 
directly excited artificial antenna. Marconi, brass and Boas spark gaps 
were used. 
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279. Квіхкоксвр Harmonics ін Hicu-PowEer Arc Trans- 
MITTERS. F. A. Kolster. (Proceedings of the Institute of 
Radio Engineers, 7, pp. 648—651, December, 1919.) 

A discussion, of Lombardi’s paper (see previous abstract). Some experi- 
ments on the directly excited antenna system of the arc station at San 
Francisco showed that an arc generating at 7,200 metres fundamental gave 
a very strong harmonic at 1,100 metres. The effect is explained in terms of 
reactance diagrams, and a method of eliminating the interference effects 
of the harmonic suggested. This consists in coupling to the antenna a closed 


circuit including an energy absorbing resistance, and tuned to the undesired 
harmonic. 


280. SPARK Gaps. А. Marino. (British Patent 129700, Novem- 
ber 29th, 1917. Patent accepted, July 24th, 1919.) 

Various forms of multiple quenched spark gaps are described. The com- 
plete group of electrode plates is clamped together by bolts external to the 
electrode surfaces, and 
may be mounted upon a 
rotating shaft. 

One of the forms is illus- 
trated in Fig. 1. 5 is the 
shaft upon which the elec- 


trode plates are clamped 
by the nuts NN. The 
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electrode plates 1s circular 
and provided with two or 
more extension parts BB, 
on which the electrode 
surfaces EE are formed. 
The separate electrode 
plates are kept apart by the insulating washers W, Wa №,, etc., and 
are also bolted together, insulated from one another, at their edges as 
indicated at C, D, W., and Ws. The spaces enclosed by the annular electrode 
surfaces are provided with ventilating holes HH. The electrodes are 
usually of silver or silvered copper, but for use on direct current the adjacent 
electrode surfaces may be of different shape and material. Slip rings KL are 
provided on the shaft and arrangements are also made for connecting the 
rings to any one of the plates, thus enabling the number of gaps in the circuit 
to be varied. 


281. Морвкм Rapio TRANSMITTERS OF UNDAMPED OSCILLA- 
tions. С. von Arco. (Jabrbuch der Drabtlosen Tele- 
graphie, 14, pp. 558—569, November, 1919.) 

A comparative discussion of the arc, the high-frequency alternator and the 
vacuum tube generator. 
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282. Spark Gars. A. Marino. (French Patent 496118, Novem- 
ber 23rd, 1917. Published October 28th, 1919.) 
The invention relates to spark gap apparatus used in wireless telegraphy. 
For particulars, see the British Patent No. 129700.* 


283. IMPROVEMENTS RELATING TO RADIO TELEGRAPHIC APPARATUS. 
| M. Latour. (British Patent 132118, November, 1916. 
Patent accepted, September 11th, 1919.) 

The same valve is used both for amplifying the modulation currents and 
also for generating the high-frequency oscillations. "The microphone M, 
Fig. 2, is coupled through the transformer T to the grid circuit of the valve 
Vasshown. This grid circuit also includes the coil L, of the reaction coupling 
L, L, The plate circuit of the valve includes the choking inductance Lp. 
The amplified modulation current produces low frequency potential variations 
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across this inductance. It therefore varies the effective plate voltage for 
the valve V and hence modulates the oscillations set up by reason of the 
reaction coupling L, Го. Condensers С, С, serve to bye-pass high-frequency 
current across the inductances La Ly. Alternatively the secondary of T and 
coil L, may be joined in parallel instead of in series and likewise L, and Lg 
may be in parallel instead of in series if preferred. 


284. IMPROVEMENTS IN Power Мороглтокѕ For Каро TRANs- 
MISSION. Western Electric Company, U.S.A. (British 
Patent 132058, September 19th, 1918. Patent accepted, 
September 11th, 1919.) | 

Acircuit of the high-frequency oscillation generator С (Fig. 3) is arranged to 
include the plate filament circuits of the valves V, V, connected in opposite 

directions as well as the coil L, for coupling to the aerial circuit A L, C, E. 


*Rapio Review Abstract No. 280. 
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The grid circuits of these two valves are supplied with high frequency Р.Р? 
derived from the same oscillation generator G through the transformers L, L, 
and L, Lẹ L,. Theintermediate circuit connecting these two transformers is 
tuned by the condenser C and includes the transmitting microphone M. The 
position of the slider on R is adjusted to bring the potentials applied to the 
grids of the valves into phase with the potentials in their plate circuits. 


Fic. 3. 


The couplings L, L, are arranged so that the microphone M produces opposite 
potential changes upon the grids of V, and V}. Since these two valves are 
connected in opposite directions both half waves of the radiated energy are 
controlled by them. In alternative arrangements the two valves connected 
in opposition in this manner may be joined in shunt with the coil L, instead 
of in series with it. 


285. Tue “ Foc-Warninc” RapIoTELEPHONE. (Electrical Experi- 
menter, 7, p. 426, September, 1919.) 
Describes the interior mechanism of the wireless telephone fog-warning 


apparatus installed at the Point Judith Light, near Narragansett Pier, R.I. 
(U.S.A.). : 


286. Tur MANUFACTURE or Ampuiryinc Vacuum Tunzs. Е. 
Rüchardt. (Jahrbuch der Drabtlosen Telegraphie, 14, pp. 
619—624, November, 1919.) 


Àn account of the technique of triode tube manufacture. 
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287. TRANSMITTING AND RzcEivIiNG Apparatus. The Con- 
necticut Telephone and Electric Company, Inc. (French 
Patent 496240, February 25th, 1919. Published October 

30th, 1919.) 
The valve described in this specification has a filament within an exhausted 
bulb and a grid and an anode both mounted outside the bulb. The grid and 


the anode may be of silver or copper deposited electrolytically.* See also 
British Patent No. 124721. 


288. VaLvE Construction. Osram-Robertson Lamp Works, 


Ltd. (French Patent 496479, May 3rd, 1918. Published 
November 7th, 1919.) ! 

The invention relates to supporting means for the electrodes in ionic tubes, 
more particularly for use in wireless telegraphy. The filament is main- 
tained in tension by a coiled spring which is attached to a pin in alignment 
with the filament and the axis of the spring. The pin is carried in a guide 
whereby thermal expansion is permitted while preventing lateral displace- 
ment. The guide may be constituted by a socket opening into an 
enlargement to receive the head of the pin, which enlargement is attached 
to the inner end of the re-entrant tube of thebulb. For further particulars, 
see British Patent No. 116134. 


289. VaLvE Construction. Osram-Robertson Lamp Works, 
Ltd. (French Patent 496632, May 21st, 1918. Published 
November 12th, 1919.) 

The specification describes means for supporting the electrodes of ionic 
tubes, more particularly such as are employed in wireless telegraphy. The 
cylindrical electrode is carried by, for example, three arms on a metal 
clip or clips which encircle the re-entrant tubular part of the bulb. Conve- 
niently, two clips are employed which are disposed one on each side of a 
protuberance on the re-entrant tubular part. The conductor is soldered to 
one of the clips and is also attached to a leading-in wire. The grid may 
consist of a wire coiled around parallel straight wires attached to the support- 
ing arms and carried on a second re-entrant tube. For further particulars, 
see British Patent No. 116113. 


290. VALVE Construction. Osram-Robertson Lamp Works, 


Ltd. (French Patent 496752, June 20th, 1918. Published 
November 15th, 1919.) 

The invention relates to means for supporting the electrodes in ionic tubes, 
more particularly such as are used in wireless telegraphy. A substantially 
cylindrical anode is carried at each end on bars which have divergent 
ends and which at the said ends are attached to metal collars which fit into 
annular seatings, one at each end of the bulb. A convenient form of collar 


* Cf. Rapio Review Abstracts Nos. 17 and 79. 
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is an elastic split ring which tends to expand to a greater diameter than 

the seating, and preferably, one collar is smaller than the other so as to allow 

it to be inserted into the tube first. For further particulars of the inven- 

tion, see British Patent No. 117939. 

291. AMPLIFIERS. М. Latour. (Bulletin, Société Francaise des 
Electriciens, 9, pp. 465—484, July, 1919. Revue Générale 
de l Électricité, 6, рр. 709—718, November, 1919.) 

After referring to the American Patents Nos. 921930 and 1041210 of 1907 
of Latour and Weintraub in which the negative resistance of a mercury 
vapour lamp was utilised to give amplification and pointing out that such 
an arrangement can be adjusted to be on the point of maintaining self- 
sustained oscillations, the author passes on to the main subject of his paper, 
viz., the use of the de Forest three-electrode bulb or triode. 

He refers to the types due to Lieben and Reiss, the General Electric Co., 
the Western Electric Co., and the so-called French type due to MM. Biguet 
and Peri (Brit. Pat. 126658).* He then gives the general theory of the triode 
amplifier, which although now published by him was incorporated in his 
IQIÓ patents. From the four resistances obtained from the plate and grid 
currents and potentials the amplification is calculated and the optimum 
value of the load or of the ratio of transformation between the plate circuit 
and the load. The values of the constants for the standard French valve 
are given. The calculation is extended to loads of different types, to ampli- 
fication by retroaction, and by the use of several valves in cascade. 


292. Tur DzsicN or TRIODE GENERATOR Circuits. М. Vos and 
R. Ziegler. (fahrbuch der  Drabtlosen Telegraphie, 14, 
pp. 578—598, November, 1919.) 

A discussion of the triode generator under the following headings: (a) Case 
of external excitation with alternator in grid circuit and anode circuit 
coupled to antenna; (6) Cases of self-excitation, phases of currents and volt- 
ages discussed ; (с) Simple circuits; (4) Design of above circuits with the 
aim of combining uniform frequency, high efficiency and long life of triode. 


293. QUANTITATIVE STUDY OF TRIODE GENERATORS WITH THE 
Ар oF OscILLaTION CHanacrERISTICS. Н. С. Müller. 
(Jahrbuch der Drabtlosen Telegraphie, 14, pp. 326—360. 
September, 1919.) 

lf an alternating P.D. is applied to the grid of a diode an alternating 
current will be produced in the anode circuit with an amplitude and phase 
depending on the nature of the load in the circuit. Curves having the ampli- 
tude of the anode current ап ordinates and that of the grid voltage as abscissa 
are called oscillation characteristics ; a different curve is obtained for every 
value of the resistance or other load in the anode circuit. The author uses 
these curves to study the stability, frequency, wave form, amplitude of 
harmonics, etc., in a self-sustained oscillating triode. 


^ ж Rapiro Review Abstract No. 16. 


ЖА” 
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294. ELECTRIC Current ÁwPLIFIERS. The Western Electric Со. 
(British Patent 130432, April, 1918. Patent accepted, 
August 7th, 1919.) 

An amplifying system comprising two three-electrode valves, and their 
inter-connected circuits, is connected to two high-frequency current sources, 
one of which produces opposite potential variations upon the grids of the 
valves, while the other produces like potential variations on the grids. One 
of the above variable current sources is a feed-back circuit. A typical arrange- 
ment is shown in Fig. 4. The H.F. current to be amplified is applied to the 


transformer Г, and thus influences the grids of both У, and V, in parallel 
through the condensers C, C,. The plate circuits of these valves are in 
parallel and supplied from the common battery B,, through the windings of 
Tand T, Since equal current variations are impressed upon both windings 
of T, there is no resultant effect upon the output circuit connected to X Y, 
but transformer Т; forms part of the “ feed-back ” circuit, and in conjunction 
with T, impresses opposite potential variations upon the grids of the two 
valves causing a differential action. The plate currents therefore vary in 
opposite phase and so produce a resultant effect on the output circuit through 
l4 Various modifications are described involving the use of low-frequency 
fitters in the output circuits. A single valve with double grid and anode can 
replace the two valves in all cases. 


295. TECHNICAL DEVELOPMENT oF THERMIONIC TRANSMITTERS. 
L. Kühn. (Jahrbuch der Drabilosen Telegraphie, 14, 

рр. 395—419, September, 1919.) 
A description of methods employed by the Erich Huth Co. The grid 
circuit is tuned to tbe aerial which is coupled to the anode circuit through an 
auto-transformer Тһе only coupling between the grid and the anode 
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circuit is that due to the valve itself. The author claims many advantages 
for this method of coupling. Photographs of the transmitting sets are repro- 
duced. In the larger sizes the anode battery or dynamo is replaced by a 
rectifier supplied with A.C. which has been transformed up to the necessary 
voltage. This rectifier has a calcium oxide cathode wound with a platinum 
heating spiral and the two anodes are of graphite. The author discusses the 
reduction of the pulsations by means of choking coils and condensers. The 
voltage varies from 1,000 volts in the valves with 15 watts output, to 5,500 in 
the 2,000 watt valves. The filament is heated from the A.C. supply through 
a transformer and an ingenious compensating device is described whereby the 
heating current is kept constant in spite of the drop of voltage which occurs 
when the sending key is depressed. 


296. On THE DETECTING EFFICIENCY or THE THERMIONIC DETEc- 
Tor. H. J. van der Bijl. (Proceedings of the Institute of 
Radio Engineers, 7, pp. 603—635, December, 1919.) 


Describes a modification of the “ audibility method ” of testing thermionic 
detectors for standardising purposes. The relation between the alternating 
grid voltage e and the alternating component of the anode current J of a 
triode is expressed by a convergent power series 

J = @е + де? +a? -4-...... 
The second term is only considered effective in detecting and the method 


is designed to determine the value of a, for any tube. Modulated 
radio frequency oscil- 


lations are impressed 

on the detector at 

L (Fig. 5) and the 

input voltages are 

measured by means. 

of a Duddell thermo- 

galvanometer G and 

non-inductive resist- 

ance R. The signal 

produced in the tele- 

phones is matched 

S Y os т with a known frac- 

tion of a known value 

of auxiliary current 

of the same audio 

frequency from the 

generator U. The 

Fic. 5. switch S is so de- 

signed that the total 

resistance into which the generator works is constant for all adjustments 
of the shunt. 

For constant input voltages the detection coefficient is a function of the 


* effective grid voltage " and is a maximum when the latter is equal to the 
EE2 
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potential drop along the filament. Methods are given for the comparison 
of detectors and the measurement of the amplification of triodes. In the 
discussion J. M. Miter describes the method of measuring the detecting 
efficiency of a triode tube in use at the Bureau of Standards, Washington. 


297. THE DETERMINATION OF CHARACTERISTIC CURVES OF TRIODES. 
R. Jaeger. (Jahrbuch der Drabtlosen Telegraphie, 14, pp. 361 
—385, September, 1919.) . 

A discussion of the connections to be employed in determining the various 
characteristics of a triode. A number of interesting details are discussed, 
such as the saturation current per watt as a function of the watts per candle, 
the best current for various sizes of filament. Methods are described for 
determining directly the slope of the ordinary characteristic curve and the 
voltage ratio of the triode. The following table gives the results obtained 
from a number of triodes of various types : 


Voltage Ratio О?а/Оер: 


Type of Triode. in per cent. | Amps. per Volt. 


TRANSMITTING TUBES :— 


A.E.G. . қ : 2 : 8 ; қ 50 18 x 1074 
Auer-Studienges. für electrische Leuchtréhren 

(molybdenum wire mesh anode)  . : S EE 2:4. 15 X 1074 
Ditto. Type W.M. 2 (mesh anode) . А ы то 17—20 X 1074 
C.H.F. Müller-Hamburg ы , я е 2:0 18 x 1074 
Schott u. Gen.-Jena. Type M. (copper or iron 

anode) қ І А $ ; Е А о 18 X 1074 
Ditto (tantalum anode) . : А ы i бо 25 X 10-4 
Type K. (for low power) . Е 5 И қ 5:0 5 X 10-4 
Siemens & Halske . : я p.c я 5'0 18 х 1074 

AMPLIFYING VALVES :— 
Auer-Studienges. . ; я : : А 6:0 rI X 1Io-* 
Deutsche Telephon-Werke (D.T.W.) А : до r8 x 1074 
French valve ў i я қ ; я I5'O 2:5 X 1074 
Gundelach ; : : : Е я ; 6:0 I'1 X 10-4 
Dr. E. F. Huth я š : я я 5 IIO 2:6 x 1074 
C.H.F. Müller-Hamburg . : я А А бо 36 х 107% 
(R.I.W.) Seddig-Würzburg à Е ; қ того 1390610 * 
Telefunken E.V.E. 173 . Е . я : 10°0 ігі X 1074 
Ditto. E.V.N.171 . г А ў я х 15:0 I X 1074 
Ditto. Type O 2 қ : 5 : ; 5:0 1'5 X 107% 
HETERODYNES :— 

Auer-Studienges. . Р i А : А 5.0 2:2 X 1074 
French valves :— 

Model 53, 4 volts, 251 А : қ 5 2:8 8-0 x 1074 

» 53, 4 volts, 215 : : қ . 1:2 8-0 x 1074 


Telefunken, Туре R.E. 16 (“U”) . ; г то:о 30 х 108 
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The effect of small traces of gas on the characteristic curves is discussed 
and curves given. 


298. Егествовтатіс Direction Ёхревѕ. Е. Bellini. (Elec- 
trician, 83, pp. 273—275, September, 1919. L’ Elettrotecnica, 

6, рр. 759—760, December, 1919, Abstract.) 
he apparatus described in this article utilises electrostatic coupling 
between the aerials and the receiving circuits in place of the magnetic 
coupling customarily employed in direction finding. One of the forms 


Р, 


(с) 


Fic. 6. 


described is constituted as а special multicellular electrometer with four 
systems of fixed plates connected to the directive aerials, and two movable 
plates connected to the receiver. In Fig. 6 (a) and (b) two forms of this 
arrangement are indicated, P,P,P,P, being the two pairs of fixed plates and 
A and B the movable ones. In (b) the two pairs of fixed plates are on separate 
planes and overlap. | 

In the second type of arrangement described in the paper, the fixed plates 
P,'P,'P4'P,', Fig. 6 (с), are arranged as part of a cylinder, and two specially 
shaped movable plates (A'B^) are arranged concentrically within them. 
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299. IMPROVEMENTS RELATING TO WIRELESS DIRECTION FINDERS. 
К. С. Vaughan. (British Patent 131963, June, 1918. Patent 
accepted, September 11th, 1919.) 

In wireless receiving apparatus the direction of incoming signals is deter- 
mined by the use of a 
E composite aerial com- 


prising three coils A, 
и В, В, (Fig. 7). The 


switch S is arranged 

| to connect coil A in 
<<. series with either coil 
7 В or with coil В,. In 

B NZ Bi using this arrange- 

> % AA ment the three coils 
í T are rotated together 

round the axis C until 

equality of signal 

strength is obtained 


with the switch in 
either position. When this is the case the plane of the aerial A indicates 
the direction of the incoming signals. 


Fic. 7. 


300. SHIP RADIOGONIOMETERS—FIXED ов ROTATING AERIALS? 
(Le vie del Mare е del? Aria, 3, pp. 266—275, 1919.) 


À comparison of the Bellini-Tosi and the single rotating coil systems of 
direction finding. 


301. Recervinc Apparatus. А. Artom. (French Patent 495960, 
December Ist, 1917. Published October 23rd, 1919.) 

The apparatus described in this specification for determining the direction 
of incident waves consists of two or more coils mounted to turn in a permanent 
magnetic field. The coils are connected to the directive receiving aerials or 
are traversed by currents set up by and proportional to the currents in the 
said receiving aerials. A pointer attached to the coils indicates on a scale 
the direction of the incident waves. For further particulars, see British 


Patent No. 124786. 


302. WIRELESS TELEGRAPHY AND THE SOLAR Ectipse or May 28TH. 
(Revue Générale de P Electricité, 6, p. 558, September, 1919. 
Technical Review, 5, p. 28.) 

A special receiving station was erected at Meudon for reception from 
Ascension. This was normally only possible at night. During the eclipse, 
when the shadow of the moon passed between Ascension and Meudon, the 
signals were audible at Meudon, and as the shadow passed away the signals 
became weaker and disappeared completely with the end of the eclipse. 
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303. ON THE QUANTITATIVE DETERMINATION OF ELECTROMAGNETIC 
RanprATIoN FIELD STRENGTH ім WIRELESS TELEGRAPHY. 
H. В. von Traubenberg. (Jahrbuch der Drabtlosen Tele- 
grapbie, 14, pp. 569—578, November, 1919.) 
Describes a method of measuring the value of the magnetic vector H 
(using a- search coil with vacuum thermo-element detector) based on Professor 
Braun's mathematical treatment of the subject. 


304. THE WinELEss Station AT BanpoEenc (Java). (Elektro- 
technische Zettschrift, 40, p. 339, July, 1919.) 

This station has communicated with San Francisco, 14,000 km. distant in 
a direction perpendicular to the antenna which is directed towards Amster- 
dam. 

305. IMPROVEMENTS RELATING TO TELEPHONE INSTALLATIONS, 
PARTICULARLY FOR WIRELESS TELEGRAPHY. L. N. Bril- 
louin. (British Patents 131054, 131055, April, 1918. 
Patents accepted, August 2Ist, 1919.) 

This patent relates to special connections of multivalve *' resistance- 
capacity " amplifiers, with the object of obtaining selective amplification 
for a given frequency or for a range of frequencies. The apparatus may also 
operate as an oscillation generator. Fig. 8 shows a system of four valves. 
The coupling between successive valves is provided by condensers Ca, Съ С, 
in the well-known manner. (See also British Patent 127014.*) A special 


с R 


Е с: Ф 
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: х = 
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x 
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connection is made between the anodes of the first and third valves through 
the condenser C and resistance R. The strength of the amplified oscillations 
increases as the capacity of C is increased, until sustained oscillations are 


ж Каро Review Abstract No. 5t. 
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set up. The wavelength to which the apparatus resonates varies directly 
with 

(1) the value of the resistances R, R, 

(2) the capacities of C, and С, 

(3) the capacities of C, and С, shunting R, and R,; 

(4) the capacities of C,’, С, and С.” shunting R,’, К, and R,'; 

(5) the value of the resistances R; and К, ; 

(6) the value of the resistance R ; 
and (7) the value of the capacities C, C, and C,. 


When more than four valves are used the connection from C, R may be 
made to other valves than the third, and in that case the resonant wave 
length is increased by increasing the number of valves in use. The set may 
be arranged to amplify between certain limits of frequency—the lower limit 
being-determined by the values of C, and C4, and the upper limit by the 
shunt condensers С; and C,. 


Та. 
с, = 
К, 


Fic. 9. 


In the second of the above patents a simpler circuit is given, using a variable 
condenser only to couple the first valve with the plate of another one (Fig. 9). 
The amplification increases as the capacity of C is increased, until sustained 
oscillations are set up. For short waves the plate of the third valve is 
connected to this condenser C, but with increasing wavelengths, the connec- 
tion is made to the valves in the following order: second, fifth, seventh, 
fourth, sixth, eighth. The resistance R, and condenser C, connected to the 
grid of the selected valve are increased in value until maximum amplification 
is obtained without “ howling.” In a still simpler arrangement the connec- 
tion from the reaction condenser C is permanently connected to the plate of 
the last valve so as to reduce the necessary adjustments, and the receiving 
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instrument T (or transformer supplying that instrument, when one is used) 
is shunted by a condenser, while a resistance and a choking inductance are 
placed in series with T, between it and the plate of the valve (at the point 
marked X in Fig. 9). To avoid stray reactive capacity, the valves are 
arranged in line and the resistances and capacities are grouped near the valves 
to reduce the length of connecting wires. 


306. IMPROVEMENTS RELATING TO AUDION AMPLIFYING APPARA- 
тоз. M. Latour. (British Patent 131092, April, 1917. 
Patent accepted, August 21st, 1919.) 

In a multivalve amplifier* the same valves are used for both high and low- 
frequency amplification. In Fig. ro the high-frequency current is amplified 
in V4 and V, (using finely laminated iron-core intervalve transformers), 


Fic. то. 


and detected in V}. The rectified (low-frequency) current from this valve 
is returned through T, to V, as indicated, and the amplified L.F. current 
passed to the receiver T which is shunted by C, to prevent H.F. currents 
passing through it. The windings of Т, are shunted by C, and C, for the 


same reason. 


307. On THE USE or ALTERNATING CURRENT FOR VALVE DETEc- 
Tors. Е. A. White. (Electrical Experimenter, 7, р. 234, 
. July, 1919.) See also L. H. Maertens. (Radio Nieuws, 2 
рр. 274—278, September, 1919, Abstract.) 

An arrangement is described for the use of rectified A.C. for supplying the 
plate voltage of receiving valves, to eliminate any disturbance in the phones 
from the A.C. frequency. Fig. 11 is the connection scheme. An essential 
point is the use of the same A.C. supply for heating the valve filaments, as 
shown, and making the plate circuit connection to the slider of a potentio- 
meter, P, connected across the filament of the receiving valve. By proper 
adjustment of this potentiometer the buzzing in the phones can be eliminated. 


* See also British Patent 127318. Баро Review Abstract No. 83. 
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The transformer must be very well insulated, its iron core should be earthed, 
and it should be kept at least 5—6 feet away from all parts of the receiving 
circuit proper. | 


“Ve 


L-czxee. 


Special “Transformer 
ze. case --------і 5 
Е = loue eae қызы — ——— — — — 4... өзе we «мы «ке» жне жө кә oe өт. 
T 60 ~ 
AC. 


308. On THE MEASUREMENT OF THE FREQUENCY оғ ACOUSTIC 
AND Еткствіс OscintaTions By A Bear Метнор. R. 
Weller. (Jahrbuch der Drabilosen Telegraphte, 14, pp. 599— 
608, November, 1919.) 

Beats are obtained between the oscillation to be measured and the oscilla- 
tion of a vacuum tube source. If an alteration dC in the capacity C of 
the oscillatory circuit of the tube generator produces a difference dn іп the 
frequency as measured by the beats n, the frequency is given numerically 


by 2C pd Many examples are given. 


309. ON THE ORIGIN or THE NOTE SPECTRUM PRODUCED BY BEAT 
Reception. M. Wien. (Fabrbuch der Drabtlosen Tele- 
. graphie, 14, pp. 608—619, November, 1919.) 

The secondary note spectrum obtained with beat reception cannot be 
explained as due to the harmonics of sending and receiving stations. It is 
due to combination tones arising from “ double forcing” in a circuit not 
obeying Ohm’s law. These combination tones have been separated from 
the ordinary harmonics by resonance methods both in laboratory experi- 
ments and in radio reception tests. The question of interference by 
harmonics and combination tones is discussed. 
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310. IMPRovEMENTS IN КЕСЕІУІМС Circuits FoR WIRELESS TELE- 
GRAPHY. Н. J. |. M. de R. de Bellescize. (British Patents 
132454, June, 1917 ; 132435, April, 1918. Patents accepted 
September 18th, 1919.) 

Means are described for eliminating disturbing effects due to earth capacity 
of the valves and receiving telephones, particularly in the case of D.F. 
receivers, Inaccuracies in the indicated direction may arise through the 
receiving loop acting 
as an imaginary open 
circuit and thus setting 
up a second series of 
oscillations which are 
superimposed upon the 
main oscillations. The 
disturbance is removed 
by making the circuit 
as symmetrical as pos- 
sible with respect to 
the earth. One arrange- 
ment is indicated in 
Fig. 12, where the capa- 
cities shown serve to 
render the complete 
arrangement more sym- 
metrical ав regards 
earth capacity. The 
condenser C, and auxi- 
liary telephones T, 
balance the condenser 
Са and the main tele 
phones T; the con 
denser C, joined to the 
frame of the auxiliary 
telephones represents 
the capacity of the 
main telephones T to the operator; the condenser C, and resistance В, 
represent the operator; the condenser C, balances the effect of the 
capacity between the grid and filament of the valve. The receiving 
arrangement may also be electrostatically screened and, if necessary, one 
point of the receiving loop may be connected to the screen. 


ТЕ 


Fic. 12. ; 


311. Vatve Detectors. V. J. Brochard. (French Patent 496562, 
June 20th, 1918. Published November 11th, 1919.) 

The invention relates to improvements in galena wireless detectors, the 

improvements consisting in so constructing them that it is impossible for 

them to be put out of order. The construction is also such that the imme- 
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diate replacement of a damaged detector is rendered possible without inter- 
fering with the remainder of the apparatus. | 


312. IMPROVEMENTS IN APPARATUS FOR RECEIVING RADIO SIGNALS. 
R. A. Weagant. (British Patent No. 132548, July, 1917. 
Patent accepted, September 25th, 1919.) 

A receiving system for reducing or eliminating the effects of atmospheric 
and the like disturbances is described. It operates upon the principle 

described in the first part of Каро Review Abstract No. 18. 


313. Томс Wave RECEPTION AND THE ELIMINATION OF STRAYS 
on Grounp Wires (SUBTERRANEAN AND SUBMARINE). 
A. H. Taylor. (Proceedings of the Institute of Radto 
Engineers, 7, рр. 559—583, December, 1919.) 

A further account of the author’s work on the properties of ground wires * 
with special reference to long wave reception and the elimination of strays. 
It is found that a best wire length is only obtained in the case of lead-covered 
cable lying on the face of the ground, but that this optimum length is much 
less sharply defined than in the previous experiment on short waves. Multi- 
plex reception is possible as with short waves on the same ground wire so 
long as the local heterodyne oscillations do not interfere audibly. The ratio 
of signal audibility to stray audibility with ground antenna has been com- 
pared with other systems. For long waves the difference between this ratio 
in the case of ground antenna and rectangular aerial is not large. The best 
ratio of signal to stray is obtained with wires laid in salt water. 

Methods of reducing the effects of strays are described, the one which 
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* See Rapio Review Abstract No. 149. 
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produced the most successful being that in which the dissimilar properties 
of land and sea wires were utilised. The essential part of this circuit is 
illustrated in Fig. 13, in which L, C, R represent an adjustable phase 
differential coupling. 

The presence of the variable resistance R, seems to be necessary although 
its exact functioning is not understood. The ratio of improvement in read- 
ability of signals through strays with this arrangement is conservatively 
estimated as 8-6 to I. 


314. Recrervinc Apparatus. Y. de Saint-Melluc. (French Patent 

496551, May roth, 1918. Published November 11th, 

1919.) | 

The invention consists in means for preventing “tapping” of wireless 

telegraphy communications, and consists in employing two antenne of 

unequal radiating power. Unequal radiation can be obtained in many ways, 

but particularly, the inventor proposes to do this by employing antennze 

placed at different heights, or by arranging antennz at the same height and 
employing different inductances connected thereto. 


315. Recrtvinc Apparatus. Société Française Radio-Electrique. 
(French Patent 495915, November 3rd, 1916. Published 
October 22nd, 1919.) 

The invention relates to wireless telegraphy and telephony receiving 
apparatus in which the usual antenne are not employed. The frames 
employed as antennz are formed with groups of turns which can be con- 
nected in parallel or in series with or without capacities in circuit 
therewith. 

316. CONCENTRATED ок Loop Arrrats. L. М. Knoll. (Electrical 
Experimenter, 7, p. 328, August, 1919.) 

In this article the author appears to claim joint inventorship with 
T. Appleby of the use of the small loop aerial for reception, and states that 
Appleby discovered the directional properties of the device. Simple diagrams 
showing the method of connecting the loop to the detector are given. 

317. TALKING THROUGH THE TREEs. G. O. Squier. (Electrical 
Experimenter, 7, p. 204, July, 1919. Electrician, 84, 
pp. 111—112; 147—149, January 30th and February 6th, 
1920, Abstract.) 

Describes the author's researches into the use of living trees as antenna, 
as carried out at the U.S. Signal Corps Laboratory near Washington. 


318. WireLEss iN Cuina. (The Times of India—Indian 
Engineering Supplement, No. 20, p. 4, September 26th, 
1919. 
An illustrated article dealing with the apparatus to be used by the Chinese 
National] Wireless Telegraph Co., and with the natural obstacles to be over- 
come in erecting the stations. 
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319. A METHOD ror TRANSMITTING SECRET VISUAL SIGNALS. 
l L. R. Matout. (British Patent 132858, June, 1918. Patent 
accepted, September 23rd, 1919.) 
This relates to the use of polarised light for telegraphic transmission. The 
light may be circularly or elliptically polarised at the transmitter and analysed 
at the receiver, with a view to secrecy in transmission. 


320. IMPROVEMENTS RELATING TO RADIANT ENERGY SIGNALLING 
Systems. T.W.Case. (British Patent 132341, September, 
1918. Patent accepted, September то, 1919.) 

In signalling systems employing light radiation the receiving apparatus 
comprises a light sensitive element connected in the grid circuit of the three- 
electrode valve which is also arranged to generate oscillations of audible 
frequency. The incidence of the signalling rays on the receiver causes a 
variation in the frequency of the note heard in the telephone which is con- 
nected in the plate circuit of the valve. Infra-red or other invisible light 
rays may be used if necessary. For infra-red rays the receiver is preferably 
a compound of thallium and sulphur, which is particularly sensitive to these 
rays. For work with ultra-violet rays the receiver may be a compound 
of thallium and iodine. It is mentioned that the arrangement may be used 
for harbour defence purposes as well as for ordinary signalling. 


321. ТГЕГЕСВАРНУ AND Aviation. М. Delgieu. (Annales des 
Postes, Télégraphes et Téléphones, 8, pp. 382—397, Sep- 
tember, 1919.) 

Reviews the methods of radiocommunication with aircraft. 


322. HIGH-FREQUENCY MULTIPLEX TELEPHONY AND TELEGRAPHY 
ALONG Сомрустовв. H. Fassbender and Е. Habann. 
(Jabrbuch der Drahtlosen Telegraphie, 14, рр. 451—478, 
October, 1919.) 

A triode system designed before the armistice for military purposes. It 
can be used in conjunction with the Hughes or Siemens high-speed telegraph 
apparatus. 


323. Some Aspects or Recent PROGRESS iN RADIOTELEGRAPHY. 
G. Montefinale. (Le vie del Mare e del? Aria, 3, pp. 256— 
205, 1919.) - | | 
A popular account of duplexing, direction finding, and high frequency 
amplifiers, 


324. Tue Constitution or TuxcsrEN. H.Baerwald. (Verhand- 
lungen der Deutschen Physikalischen Gesellschaft, 21, pp. 
474—478, July, 1919.) E 


Deals with electronic emission from tungsten filaments, 
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2. Books. 


TELEPHONY wiTHoUT Wimzs. Philip R. Coursey, B.Sc., 
A.M.I.E.E. (London: The Wireless Press, Ltd. 1919. 
Pp. xix. + 414. Price 155. net.) 

This book is a valuable addition to the literature of the subject. It con- 
tains a very complete collection of information on the various schemes, 
proposed and tried, relative to the electrical transmission of the sound of the 
voice through space without wires. 

Chapter I. is introductory, and gives a classification of methods which 
have been used, under three heads, viz. :—(1) Conduction and Induction 
Methods, (2) Photophone and Thermophone Methods, and (3) Hertzian 
Wave Methods. 

Chapters II. and III. deal with methods (1) and (2), describing Morse's 
and Preece's arrangements for communicating across water, the Bell photo- 
phone and the selenium cell receiver. It is interesting to note that, as the 
author remarks in the preface, the photophone method was resuscitated and 
improved for use under war conditions. 

Chapter IV. describes the early attempts by Dolbear and others to transmit 
speech by wavelengths corresponding to voice frequencies. An immense 
stride was made when it was realised that, to cover any distance, Hertzian 
waves, modulated in amplitude by the voice, must be employed, and the first 
attempts, using low spark frequencies are described in this chapter. One 
rather wishes that the author had pointed out either in Chapter IV. (at the 
dividing line between the attempts to transmit at voice frequency, and those 
employing Hertzian frequency) or in Chapter XVI. on “ modulation," that 
the operation of modulation is equivalent to the addition to the “ carrier ” 
wave of other waves having the same order of length, so that the energy is 
carried entirely by waves of Hertzian length, and not by those of the immense 
lengths corresponding to voice frequencies. 

Chapter V. deals with the necessary conditions to be fulfilled for successful 
speech transmission, and the next chapter with a general consideration of 
* spark" generators. The different forms of “ quenched” gap are then 
described including that due to Chaffee using copper-aluminium electrodes. 

Chapter VIII. deals with the production of continuous oscillations by means 
of spark gaps, describing and illustrating in detail the Marconi multi-disc 
discharger, although the author does not state that this discharger has been 
successfully employed in telephony. 

Chapter IX. deals with multiphase spark apparatus as used to increase the 
spark frequency. One would hardly think, however, that the ring phase 
transformer in Fig. 73 would make a very satisfactory arrangement for 
transforming from three phases to a larger number. It would certainly be 
a very poor form of transformer for ordinary power purposes, and for the 
purpose in question one would expect that a winding similar to that of an 
induction motor would give far better results. 

In the next two chapters the interesting and important arc generator is 
dealt with, and an excellent description of the action given, both static and 
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dynamic characteristics being considered. A chapter is given to a descrip- 
tion of the various practical forms of arc oscillation generator commencing 
with the Poulsen arc and including the Vreeland mercury vapour oscillator. 
The chapter concludes with descriptions and diagrams showing various ways 
of coupling an arc oscillation circuit to an aerial. 

Chapter XIII. deals with vacuum oscillation generators. Nearly all the 
matter in this chapter, however, refers to the “ soft " type of tube, t.e., the 
type in which gaseous action plays a considerable part. The “ pliotron ” of 
Langmuir is mentioned, but on the whole this chapter rather gives the 
impression that for generating oscillations the “ soft ” type is more generally 
used, whereas actually the tendency is all towards the “ hard” or highly 
exhausted type. One is perhaps treading on delicate ground to suggest it, 
but should not the fact that an enormous stride was made by De Forest when 
he first added the “ grid” to the simple two-electrode valve of Fleming be 
brought out more clearly ? This addition increased the potentialities of the 
vacuum bulb to an unlimited extent. It turned the simple rectifier of 
Fleming into a repeater having enormous possibilities as to ratio of energy 
amplification. 

It is a pity that the excellent work done by the French during the war was 
not available when this chapter was written, for it was the French type of 
valve which was used to a great extent during the war, being manufactured, 
with improvements, by British firms in hundreds of thousands, both for 
transmitting and receiving. 

Chapters XIV. and XV. deal with “ Alternators and Frequency Raisers,” 
describing the Alexanderson machine (of which type one has been running for 
two or three years at the station at New Brunswick, on the other side of 
the Atlantic), the Goldschmidt machine, and the various arrangements of 
stationary transformers which exploit the vagaries of the magnetisation curve 
of iron, and turn them to useful account in frequency raising. ' We note that 
in describing the Spinelli arrangement on p. 226 the author states that one 
of the secondary coils is * reversed as compared with the normal ‘ delta? 
connections." If this were the case, it would result in a large E.M.F. of 
primary frequency. The writer has looked up the reference and finds that the 
connection shown is a “ star ” primary connection, and “ delta " secondary 
connection, but with one corner of the delta open. This eliminates the 
fundamental frequency and delivers the triple frequency E.M.F. to the load. 
The working of this arrangement, however, was not first shown by Spinelli, 
but by the present writer in an article entitled * Wave Shapes in Three-phase 
Transformers " published in The Electrician on November toth, 1905. 

Chapter XVI. deals with the important subject of modulation. One is at 
first sight, perhaps, a little disappointed that the author does not say a little 
more on the general subject than is given on pp. 238 and 239. A diagram 
or two showing the superposition of audible upon radio frequency waves 
would be a considerable help to the student, as also would a brief explanation 
of the analysis of a modulated wave into its high frequency components. 
The chapter is devoted to consideration of the various ways in which a 
microphone may be applied to the high frequency circuit, while the next 
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chapter describes the different types of microphone which have been used, 
including the Alexanderson magnetic amplifier. 

Chapter XVIII. describes in detail several schemes of microphonic control 
which are particularly adaptable to certain types of oscillation generator. 
Chief amongst these are the schemes used to control oscillating valves. The 
author points out the necessity for “ exhaustive quantitative testing of 
different microphone constructions and of different methods of control ” if 
further real progress in microphonic control is to be made. 

Chapter XIX. deals with the efficiency of transmitters, average figures 
being given for quenched gaps, valves, high frequency alternators, static 
frequency raisers, and arc generators. The concluding paragraphs describe 
sources of current available for radiotelephone work, both A.C. and D.C, 
including the combination of a transformer with rectifying valves. 

A short chapter is devoted to the Braun cathode-ray tube, showing its possi- 
bilities for high frequency work, and giving curves of oscillatory currents. 

Chapter XXI. is devoted to receiving apparatus. After reference to the 
magnetic detector, several pages are devoted to crystals, characteristic 
curves being given. Vacuum receivers are then discussed commencing with 
the Fleming valve, and passing on to the three-electrode receiver. On p. 320 
an account of the action of the grid electrode is given which hardly accords 
with the facts, however. The author states that “a positive charge upon 
the grid will attract the electrons, and so prevent them from reaching the 
anode, if a suitable path is provided for them by which they: can flow away 
from the grid, and if the grid has sufficient area to adequately collect them." 
This would mean that the grid diverts or intercepts the electron stream to 
the anode. Now, although it is true that at very high grid potentials the 
anode current may begin to fall, this effect is not used in a detecting or 
amplifying valve, in both of which cases the very opposite is the truth. The 
positive charge on the grid tends to neutralise the “ space charge" and more 
electrons not less, are drawn to the plate. The deduction given in the last 
three lines of this page is incorrect unless it is assumed that a series condenser 
is placed in the grid circuit. In this latter case, owing to the curvature of 
the grid current characteristic, the condenser and grid are charged negatively 
by a train of oscillations, and the plate current falls. An application of an 
oscillatory potential direct to the grid, however, results in an increase of the 
average plate current if we are working at the lower bend in the plate current 
characteristic, and in no change of average current, if working on the straight 
portion. Fig. 228 illustrates the arrangement when working on the bend of 
the plate current curve. The addition of a few characteristic curves of valves 
would be a great help in this chapter. The only curve given in the book for 
a three-electrode valve is one on p. 184 applying to the “ pliotron " or hard 
valve. In justice to the author, however, it must be stated that the part of the 
book referred to was written before the present forms of high vacuum triode 
were in existence, and the ideas expressed were intended to refer to the lower 
vacuum type in which there was a large number of positive ions present, and 
also a grid of larger surface area. Chapter XXI. concludes with a description 
of that interesting device, the thermal telephone. 
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Chapter XXII. deals with receiving amplifiers, commencing with the 
Brown relay and passing on to the three-electrode amplifier with “ cascade ” 
combinations. 

A short chapter is then given to interference prevention, and a final one 
ов “ Fields for Wireless Telephony." 

There is a brief historical résumé of results achieved in wireless telephony 
since 1885, and a most excellent list of references to papers and articles. 
These number no less than 695, and form a most complete bibliography of 
the whole subject. 

For any one making a special study of wireless telephony this list of 
- references will prove an invaluable addition to the treatise. 

The book is well and profusely illustrated. 
R. C. CLINKER. 


SELENIUM CELLs: The Construction, Care and Use of 
Selenium Cells with special reference to the Fritts Cell. 
By Thos. W. Benson. (New York: Spon and Chamber- 
lain; London: E. & Е. N. Spon, Ltd., 1920. Pp. 63. 
Price 7s. 6d. net.) 

It is probable—although it is not specifically so stated—that this little 
book is intended for the use of amateur experimenters. There are many 
such enthusiasts in almost every branch of science, who, while having little 
exact knowledge, love to dabble in what seems weird and wonderful. Much 
is to be found in Mr. Benson’s book to tempt them to experiment with 
selenium and its fascinating properties. The details of manufacture and 
treatment, particularly of the Fritts type used by the author himself, are 
given with great precision. In some cases the instructions appear to be 
unnecessarily detatled. For example, a recipe is given for making a weight 
for the selenium press, while in the next sentence it is admitted that “ any 
other weight of eight pounds can be used.” The amateur reader will, no 
doubt, find useful the diagrams and text illustrating the electrical connections 
in the various experiments described. 

Regarded from a purely scientific point of view the book leaves much to 
be desired. Dr. Fournier d’Albe’s type of selenium cell is not mentioned at 
all, nor is his work on the “ optophone," although Professor F. C. Brown's 
experiments in this connection find a place. It is somewhat surprising, also, 
to find no mention of other substances having properties similar to those of 
selenium. But the chief defect from the scientific aspect is loose description 
of experiments. As an example may be taken the statement that a Fritts 
cell (a type, it may be noted, in which the current flows in the same direction 
as the incident light) has been made whose resistance in the light was only 
В, per cent. of that in the dark. As no indication is given as to the intensity 
of the light in question, the information is worthless. Most of the well- 
known properties of selenium cells are mentioned with more or less detail. 
Two other supposed new properties are described so briefly that it is impos- 
sible to be sure what the author means. One of them, indeed, seems to be a 
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palpable absurdity, viz. that the sensitivity to light of a selenium cell depends 
on the kind of battery employed with it. Thus Leclanché cells are said to be 
superior to bichromate cells, and Mr. Benson seems to think it possible that 
different cells give different kinds of electric current, or, as he puts it, “ Is 
there some unrecognised force in one current that is not found in the other ? ” 

The style of the book is distinctly American, although simplified spelling 
only appears in the word “thru” and its horrible progeny * thruout." 
* Galvonometer ” occurs frequently and invariably, and on several occasions 
the word “ staple ” is used by the author when he is apparently referring to 
the stability of selenium cells. The grammar, also, is sometimes shaky, as 
the following sentence shows: “ The supplies required are chemically pure 
selenium, specify electrolytic selenium for electrical purposes when ordering 
and the proper material will be supplied." One cannot help feeling that, 
had Mr. Benson's book been prepared with more care both 1n its scientific 
and literary features, its value would have been much enhanced. 


A. O. RANKINE, 


Books Received. 


SELECTED STUDIES IN ELEMENTARY PnHvsics: a Handbook for the Wireless Student and 
Amateur. By E. Blake, A.M.LE.E. (London: The Wireless Press, Ltd. 1920. Pp. viii. + 
176. Price 5s. net.) 


TREATMENT OF HARMONICS IN ALTERNATING CURRENT THEORY ву MEANS OF A HARMONIC 
ALGEBRA, Ву A. Press. (Berkeley, U.S.A.: Tbe University of California Press. 1919. 
Pp. 66. Price $1.00.) 


Cours ELEMENTAIRE DE TELEGRAPHIE SANS Fit. By G. Viard. (Paris: Librairie de 
l'Enseignement Technique. 1919. Рр. 303. Price 12 fr.) 


Mesures Рваттоовв EN Rapioactivitt. Ву W. Makower and H. Geiger. (Paris: 
Gauthier Villars et Cie. 1919. Pp. viii. + 182. Price 12 fr.) 


WinEeLEss TeLEGRAPHY. By W. H. Marchant. (London: 877 Isaac Pitman and Sons, 
Ltd. 1920. Pp. ix. + 305, Price 75. 64. net.) 


La THÉORIE ET LA PRATIQUE DES Rapiocommunications. Vol. I., Inrropucrion. By 
L. Bouthillon. (Paris: Librairie Delagrave. 1919. Pp. xiv. + 193. Price 20 fr.) 


Rapio Equipment. By Wireless Speciality Apparatus Co. (Boston, Mass., U.S.A. : 
Published by the Company. 1919. Pp. 83.) l 

Contains excellently illustrated descriptions of the Company’s products. together with a 
collection of useful formulæ and curves relative to radio measurements. 


Correspondence. 
“THE THERMIONIC VALVE AND ITS DEVELOPMENT IN 
RADIOTELEGRAPHY AND RADIOTELEPHONY." 
‘To тне EDITOR or THE “ Rapio Review.” 


Sir,—Referring to the reply of Professor Fleming on the above subject, 
I beg to thank Professor Fleming for his willingness to refer to my paper of 
1916 on the three-electrode valve in the next edition of his book. — 
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The theory of the three-electrode valve expounded in my paper has 
already been referred to by different authors in the following manner :— 

Professor Hazeltine writes in the Proceedings of the Institute of Radio 

Engineers for April, 1919, page 167: “ Equations of this form (4, = e, 9, 
+ €g Jm + €) seem to have been first employed by Latour in the Electrician, 
December Ist, 1916, in discussing amplification." 
. Mr. John Miller of the Bureau of Standards, Washington, in his last paper 
on “Dependence of the Input Impedance of a Three-electrode Vacuum 
Tube upon the Load in the Plate Circuit," discussing the case when there is 
a measurable grid current, says: “ АШ these facts are implicitly contained 
in the equations (5) derived by M. Latour in his paper on the “ Theoretical 
Discussion of the Audion,’ Electrician, 78, p. 280, 1916.” 

The correctness of these equations (5) of mine is shown again by the last 
paper of Professor Press which appeared in the issue of the Electrician of 
January 9th, 1920 (see page 35). In this paper Professor Press, discussing 
the’ work of Captain L. B. Turner, derives for potential magnification and 
current amplification equations corresponding to equations (5) of my paper 
of 1916. | 

Marius LATOUR. 

Paris, 

February 10, 1920. 


TRIODE NOMENCLATURE AND SYMBOLS. 
То тне EDITOR or THE “ Rapio Review.” 


Sır—I am afraid Mr. Turner's memory has played him false. In a con- 
versation with him in December, 1918, I suggested terms for each of the four 
conductances о: a triode clearly distinguishing between 0%4/dv, and д2,/дод. 
Hazeltine in his paper on “ Oscillating Audion Circuits ” * used the term 
* mutual conductance ” (a term obviously ambiguous) and feeling the need 
of names for all four conductances I suggested to Mr. Turner and to many 
other workers on triodes, the following terms :— 

Ot/0vg Mutual anode-grid conductance. 
Otq/0ve Anode conductance. 

01300 Grid conductance. 

Oig/0v, Mutual grid-anode conductance. 

If we omit the word ** mutual? (as one possibly would do in conversation) 
in the first and last cases, it will be seen that these terms are identical 
with those of Mr. Turner's * Colloquial Abbreviation " column. With the 
symbols suggested for these terms I find myself in complete agreement. In 
a full scheme of nomenclature and symbols it might however be useful to 
indicate the two methods of deriving the voltage amplification factor », 
1.2. ада and — дод/деу. 

E. V. APPLETON. 

Cambridge, 

March 6th, 1920. 


* Proceedings of the Institute of Radio Engineers, April, 1918. 
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Oscillations obtained by Coupling a Secondary 
Circuit with a Continuous Wave Valve 
Oscillator.* 

By Prof. 9. S. TOWNSEND, M.A., F.R.S. 


(1) When two oscillatory circuits of small resistance are coupled by mutual 
induction between the coils the frequencies of the free oscillations are given 
by the equation 


(„С — 1) (Ср? — 1) = МС Ср... (1) 
L and L, being the self-inductions of the two circuits, C, and C, Ше capacities, 


М the mutual induction between the two coils and p/2z the frequency. 
If y be substituted for 1/p? the quadratic equation (2) is obtained 


(Г.С, — у) (£,C,— Y) = МСС, ....... (9) 
the two roots being proportional to the squares of the wavelengths of the | 
two free oscillations. 


The effect of changing the oscillation constant 1,0, of one of the circuits 


* Paper received November 15th, 1919. 
GG 
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by means of an adjustable inductance L, = г may be seen by constructing 
the hyperbola (Fig. 1) represented by the equation 

(LCi — y) (Car — у) = М20,0,........ (8) 
The two lines 1,6, = y and C,z = y are the asymptotes, and the two branches 
of the curve correspond to the oscillations of long and short wavelength. 

Thus for any value OP of the inductance Го, the ordinates PA and PB are 
proportional to the squares of the wavelengths of the two free oscillations 
when the circuits are coupled, and Pa and Pb are proportional to the squares 
of the wavelengths of the two independent circuits (M = 0). 

(2) Let oscillations of constant amplitude be maintained in the first circuit 
by connecting it to a.three-electrode valve, and let the current in the second 
circuit be maintained by the induction between the two coils, as in a trans- 
former (see Fig. 2). For any given value v of the self-induction По of the 
secondary circuit, there are two possible modes of oscillation and the squares 
of the corresponding wavelengths are given by the points A and B on the 
branches of the hyperbola. ` 
с: 

4 


Fic. 2. 


In practice two oscillations of different wavelengths very seldom occur 
simultaneously and the mode in which the system tends to oscillate is the 
one in which the wavelength is nearest to that of the primary circuit L,C. 

The ratio of the amplitudes of the currents in the two circuits, for each 
mode of oscillation, may be found geometrically as follows : 

Let №, and В, be the resistances of the two circuits, ù and % the oscillatory : 
currents in the coils. 

The equation for the current 2, is 

di ; di 
І, 22} By = — М-2-% Бо к Бор vo 
where 0, is the potential difference between the terminals of the condenser Оз. 

The current 1, and the potential v, are connected by the relations 


А dv 
tg = С; LE 
di 420 
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so that v, may be eliminated from equation (4) and the relation between the 
currents becomes 


1 \ di чир да 0 
| (2-а) а + Ba = – MG. каа... 
In the cases to be considered, М is supposed to be constant and com- 


paratively large so that (Lap — 1.) is large compared with Во, and the 


Cop 
relation between the amplitudes J, and 1, of the two currents is found, 
approximately, by omitting the term Ко in equation (б). 
MCL, 
LC, — y 
4. the system is oscillating with the longer wavelength and L, = ОР 
ig. 1), 


Thus i= 


| L,C, = Pb, 
and y — PA. 
MOI ғы 
In this case l= Ab а бе ай. Sy еше О) 


and if L, be increased the length Ab diminishes continuously as L, passes 
through the value OQ corresponding to resonance. Thus if Г, were to remain 
constant I, would not reach a maximum at the point of resonance but 
would increase with L, as long as the system continued to oscillate with the 
longer wavelength. 

When the oscillations are of the shorter wavelength 


= ра. 20 


The length Bb increases as Г, is increased, and in this case 1, diminishes and 
becomes very small when L, is greater than OQ. 

The maxima values of 1, which are obtained near the point of resonance, 
are due to the fact that the wavelength changes abruptly from the long 
wavelength represented by the upper branch of the hyperbola to the 
short wavelength represented by the lower branch as L,is increased from 
OP to OP’. 

(3) In order to explain the change of wavelength it is necessary to consider 
the effective resistance of the oscillating system. The secondary circuit adds 
to the resistance, and its effect is the same as if a resistance 7, were introduced 
in series with the inductance and condenser of the primary circuit which 
would bring the resistance of the valve circuit to the value (A, + 1). 

It is seen from equation (5) that the effect of the condenser in the secondary 
circuit is the same as if the secondary were a continuous circuit of resis- 


tance R, and the self-induction reduced to J, = Г, — A Hence as in an 


GG2 
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ordinary transformer the reaction of the secondary has the effect of increasing 
the resistance of the primary by the amount 


пе М?рР, 
to Bp + RP | 
As Ej? is small compared with 1,2? the value of r, becomes approximately 
_ WPR 


- Ра he... (8 


Cx — y 
1 Va 
where y is one of the ordinates PA or PB of the hyperbola corresponding to 
the inductance L, — OP. : 
When the system oscillates with the longer wavelength the resistance 7, is 


C, Aa 

Mon mmHg ......... (9 
1 C, Ab 2 ( ) 
which is comparatively small when L, is less than OQ since Aa is then less 
than Ab. But when L, is increased above the value OQ the ratio Aa/Ab 
becomes very large and the oscillation of the longer wavelength would not 
be maintained by the valve as the effective resistance of the valve circuit 
becomes so large. 

When the system oscillates with the shorter wavelength 7) is 


C, Ba 
71 —Ur Bb "E . (10) 
which is comparatively small when L} is large. But when L, is reduced 


below the value OQ, the value of 7, (equation (10) ) becomes very large and 
the oscillations of short wavelength are not maintained. | 


Fic. 3. 
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(4) The effects observed by making continuous changes in the inductance 
L, of a circuit closely coupled with a valve oscillator are easily explained by 
means of the hyperbola. 

There are two cases which may be considered, depending on the arrange- 
ment of the valve circuit. 

When the circuit L,C, is connected as in Fig. 2 so that valve reaction 
slightly exceeds the value required to start oscillations, a large oscillating 
current I, is obtained with the circuit L,C, uncoupled, but a small increase 
in the resistance В, makes a large decrease in Г,. When the second circuit 
is coupled with the valve circuit and the inductance L, is increased from a 
small value to the point corresponding to resonance the ratio Aa/Ab (Fig. 1) 
increases and the additional resistance r, (equation (9)) reduces the oscil- 
lating current J, This current may become zero before the inductance 
reaches the point of resonance. After passing the resonance point the 
oscillations start again but the wavelength is now represented by the lower 
branch of the hyperbola corresponding to the smaller resistance 7, (equa- 
tion (10) ) which decreases continuously as L, increases. 


С: 
is n 


Fic. 4. 


The variations in the currents thus obtained are represented in Fig. 3. 

The current Г, has a minimum value and may become zero near the point 
of resonance L, — OQ. 

With the smaller inductances L, the ratio of the currents Г,/Г, is given by 
equation (6) which shows that 1, is very small when L, is small Ав Г, 
increases 1, increases and attains a maximum value below the point of 
resonance. | 

After passing through a minimum value with 7, and an abrupt change of 

wavelength 1, attains another maximum and as shown by equation (7) 
becomes very small with large values of L,. 
. (5) When the valve reactance is increased as in Fig. 4, the current J, with 
the circuit L,C, uncoupled is reduced but it is not so much affected by 
variations in the resistance В, and the oscillations will be maintained when 
the effective resistance of the circuit is considerably increased. 

When the second circuit is coupled to the valve circuit and the induc- 
tance L, increased from a small value, the oscillations which begin on the 
longer wavelength persist but the amplitude Т, diminishes as L, passes 
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through the point of resonance. At a point A, (Fig. 5) the additional 
resistance r, due to the secondary circuit becomes so large that these oscilla- 
tions cease and the oscillations of shorter wavelength B, for which 7) 15 com- 
paratively small take place instead. At the same time an abrupt increase 
takes place in the current Г, and a corresponding reduction in the current 1,. 


These changes in Г, and 1, are represented by the curves (Fig. 6), the 
arrows indicating the direction in which Г, is changed. When JL, is reduced 
from a large to a small value the oscillations of the shorter wavelength persist 
until a point В, (Fig. 5) below the point of resonance is obtained, the wave- 
length then changing from B, to Аҙ). A corresponding abrupt increase in 1, 
and reduction in 1, is obtained at the same time as shown by the curves 
_ (Fig. 6) with the arrows pointing to the left. 

When the coupling is reduced a single maximum value of J, is obtained 
and the change of wavelength in passing through the point of resonance is 
not noticeable. | 
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Damped Oscillations m Coupled Circuits. 
By G. BRAMWELL EHRENBORG. 
(Continued from page 336.) 


Before going any further with the integration of equations (9) it is desirable 
to consider another matter closely related to what has been said about 
Aa, Ap, etc. If we compare equations (9) with equations (1), from which they 
are derived, we see that they have certain features in common. In each | 
equation there are three terms involving only one of the dependent variables 
and a fourth term involving only the other. That being so, there is no 
apparent reason why we should not be able to integrate equations (1) as 
they stand, if only Ё is small enough, instead of going to the trouble of 
transforming to х and y, for when k is small the correspondence between the 
two sets of equations seems to be very close. The difficulties appear when we 
proceed to the second approximation. | 


Consider the case where ш = ug and R,C, = ВС, If we put аа 


1 


and 2 = 52, equations (1) then become 
1 
(D? + 23D + 82) vj! + k 3 ps vy = 0 
1 


В ру + (0° + 25D + s?) о; = 0, and consequently 
m 4 2 
{00° + 25D + $8? — k2D4} v,’ =0 


When £ is small, the first approximation to one of the particular solutions 
of this equation 180) = e- +0082 —33 = е”, say. When we proceed to the 
second approximation and no longer neglect 52 the solution in question 
becomes «7 + 4%; we calculate the value of Ас on the assumption that its 
square may be neglected. We obtain 


Са + 2no + 8 + 2 (с + 2) Ag | *— k? (ot + 4оЗДо) = 0, 
and since 0? + 250 + s? = 0, this reduces to 
Ac 1 


Hence the second approximation differs from the first by 25 per cent., so 
that if we wish to obtain any results worth having by this method, we must 
work out the third approximation at the very least, and probably several 
more. When иж u and ЕС» НС, the algebra becomes very involved, 
so we infer that equations (1) as they stand are quite unsuitable for 
integration. 

To return to equations (9); writing ^/p?— a? = p' and Vq?— 8 = а 
for brevity, we have seen that when б is not too small, particular solutions 
are obtained by equating 2 to one or other of the quantities в- “+, 
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ес ВЕМ. [f we had eliminated 2 instead of y from (9), equation (13) 
would have been reproduced though of course y would have appeared as 
the dependent variable instead of т; consequently equations (9) are satisfied 
if we equate y to any of the above four exponentials. If the ratio of the 
constants A and C is properly chosen, the following pair of values will satisfy 
the equations : 

r= Ає at тъ y= Cea att ipt 
What that ratio must be we can determine by substituting these values in 
the second of equations (9). 


We Go есес AE e Mf 

en (a — ip’)? —28(a —ip) + g? 
m APEP Os Е аА а 

4 (p* — 4)? + 4 (ag? — Вр?) (a — В) 

In order to simplify the determination of the integration constants as 
much as possible we will neglect all quantities which contain R,C,—R.C, 


as a factor (such as f, 9, а? —Вр?) if they contain another resistance as a 
further factor, or in other words, we will neglect all quantities which contain 


R,C 
the factor ( B. 1— 1)a* where а has the same meaning as on Figs. 1—6. 
22 
This entails little more labour than if we were to neglect all quantities without 
distinction which contain a? and gives us the advantage of getting a solution 
which is exact when R,C,=R,C,, and not a mere approximation. 
That being the case, we see that 
С ip 
A pg 
Proceeding in a similar manner, we find three other pairs of values which 
satisfy equations (9), namely 


е. 4 


g = Be- «t — ivt C 2 _ Be~ at — ip't 
Y ГЕ — gi 

миг 4 cop Rec шен 

2-/- ag’ - Ket- it у = Ke- 6 — iet 


p—g 
Equations (9) are therefore also satisfied by 


. , Y ГА 
г = Аве” tt + pe- ot — Ф" - А Нє # + | fy Ke- & — igt 
р? — g 


қ ГА 
qo sh 2 Ae~ + wt __ igp | 5 Ве-“- ptt He— # t idt Қе- 8 — iet 
p cwg 2-”Ф 
As this solution contains four arbitrary constants, it is evidently the 
complete integral. 
Transforming imaginary exponentials to sines and cosines, 
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ге “С cos pt + Dsin pt | — 
P E е | (BF + q'G) cos q't — (q’F — BG) sin 44) 
y = жасы (aC + p'D) cos p't — (p/C— aD) sin p't} + | 
е- В ( F cos g't + G'sin q't) 


To determine the integration constants we shall assume that when £ — 0, 


(17) 


v, = Vy, v, = 4, — 4, =0. Since 4, = — (10у and 4, = — 0,0, we find by (T) 
that this is equivalent to x = =A y = s $49 = 0). 


By differentiating (17), 
Ф = — e-* ((aC — p'D) cos p't + (p'O + aD) sin рі) + 


2 
A 78 (F cos q’t + G sin (ие В 


22-0 (. 
ў = — M 5 (C eos pt + Dsin p't} — 
e- (BF — q'G) cos q't + (Р + BG) sin q't) 


Hence, when ¢=0, 


С - Ј9 | Вай 

р? — ф PAL, 

gp D F T Ка V, 

p-—g i дм Г, 

2 
—a0+ p'D+ gt GF = m 
2 
— -IP .,0 - BF 4 ФЕ = 0 


2 
p'—q4 
These equations are easily solved to the degree of accuracy required, and 
the solutions are 


_ Аш, р Ваў Е BEEN AN 
2 МІ, р? МТ, ёй (5-4 
4% А/Т, PVL 0° – Ф) 


Having determined the values of the integration constants, we now 
substitute z and y in equations (8) and find after some easy algebra, 


V( 4-4) a 1 R,C, — БС, WD 
қ 4 et] cos p't + а a(i — =) ] 12 іар |+ 
1 1 1 p p p (3-5) 

Boop A q p | 


ко 
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1 
: s С?) 21% 01+ Ae 2 (а- u » RC, — T M 1; 
q? p? a (a т) 


E. Vk ug B.C. К.С, 
OE] Ши; — (и — үлі Ша mes 
J 


-27 ә 


t TS Tum topo j E ср мне роти я а= E " 
z= y 


а E) 


and by ща 


ù = ie) M P sin p't 2 (и та)  oos r' + 
P rap) 
ЛА СЕ => 
1 R,C,— RC , 
+ = ТА | sin g't —2 ( (2-а) cos Н 
(p (n) 


-a 


1. Co V ku 5 28 В.С, — RC ; 
+ p 33 sin g t + (Uy — Us) 452) cos gq i 
g? p q? op 

It is at once evident that when £ = Owe havev, = апае, = 4, = $4 = 0. 
To check the accuracy of our work we may substitute the above values in 
the equations from which we started. It is easy to verify that they are 
satisfied to the required degree of accuracy if we make use of equations 
(4) and (5). The work is particularly simple if EC, = E Съ when it is 
found that the solution is exact. 

As a rule it is more important to know what is арр р іп the 
secondary circuit than in the primary, so we will give some further 


| Ф 
i = алы jy sinp't+ (ty — up) ЗА cos p'e + 
1 
p* тр) 


attention to v and fẹ If we put (и, — u,) ATA - tan д and 
22) 


RC, = 0» 


1 
TR 


of accuracy at which we are aiming, 


= tan ф, we find, always remembering the degree 


(а — ua) 
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Us = VPs |- г €^"! cos (в! F Ө —tan- 2) -+ 
pp 

+ p (a t+ ¢— tan) | | 

a= (PS С: -—— р? є sin (p't + 0) + 5 e—sin (4 "+A | 


Each of Н and i tg are seen to consist of two terms, one with the frequency 

, 

5- and the other with 5 са . These two terms are often referred to as the 
п 2п 

principal or normal modes of oscillation of Vg (ог %, as the case шау be) and 

the change of variables from v, and % to т and y is called in dynamics 


* reduction to normal co-ordinates.” 
2 


| RM a? B^ 
In most practical applications we may of course neglect —, and < in 
p q 


and Ей 2 


comparison with unity, so that we may put Ра > КИЕ 1, a d 
Е á es p q p p q q 
Ê 
q 


The angles tan-12 and tan may be readily found from Figs. 1—4, 


and д and ¢ from Fig. 6. 
It is of interest to know how the constant factors in the expression for % 


ж М . е % 
vary as the ratio E alters. To express them as functions of this ratio we 
2 
must make some assumption as to how the inductances and capacities 


involved in v, and u vary; it will be assumed here that Г, L, and C, remain 
constant and that C, alone varies. Then we may write 7, in the form 


= -JRY SEE Pm 6) + 


42 PT 
+ үй ау, (TET qv tn Е y" sin (qt + 4) 


pi 
С, : E 
E Ра quantity of the dimensions of a current, is independent of 
1 


Uuo 50 we get the information we require by plotting the factors inside the 
brackets (which are mere numbers without dimensions) against 44/5. This 
has been done in Fig. 7. When v, nearly = и, there is not much difference 
between the ordinates of the various curves, so that at first sight one would 
be tempted to conclude that at resonance the response of the secondary to 
the primary is not much affected by the coupling. This is only apparent, 
however, for when the oscillation begins the principal modes are in opposition, 
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and when the coupling is loose they almost cancel. As the frequencies are 
almost equal when & is small, it is some time before the principal modes 
come into phase, and then e-* and e- have diminished to such an 
extent that the total current is small. With loose couplings, therefore, the 
instantaneous value of the current is never large. 
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When making practical applications of the expressions we have derived, 
due regard must be taken to their limitations. Strictly speaking, this paper 
only concerns itself with the integration of a certain pair of differential 
equations with constant coefficients, and if the results are applied to circuits 
with coefficients that are functions of the time (e.g. circuits with spark 
gaps) or circuits which can only approximately be represented by con- 
centrated resistance, inductance and capacity in series (e.g. antennz and 
telegraph cables) nothing more than an approximate agreement with 
experiment is to be expected. 

The method we have used can obviously be applied to circuits with electro- 
static or mixed coupling; in fact, to any pair of differential equations where 
the damping terms are small. If the damping terms are on an equality with 
the others, that is in aperiodic cases, no special benefit is obtained from its 
use. If the un-transformed equations contain more than one cross term 
each, the algebra naturally becomes rather more complicated. 
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The Upper Atmosphere and Radio-Telegraphy. 
By THE EDITOR. 


Although it has long been known that the electrical condition of the 
upper atmosphere has a more or less beneficial effect on long distance 
radio-telegraphy, results obtained during the last two or three years have 
shown conclusively that the effect is far more pronounced than was previously 
suspected. Whatever differences there have been between the results 
obtained by the various mathematicians who have studied the problem of 
the transmission of electromagnetic waves around the earth, these results 
have all tended to prove with a cumulative degree of certainty that the 
signals actually received at great distances are much stronger than can 
possibly be explained without calling in the aid of the upper atmosphere. 
Then again the variations in signal strength from hour to hour especially at 
sunrise and sunset indicate very conclusively that something subjected to 
much greater changes of electrical condition than are the earth or lower 
atmosphere must be concerned in the transmission. More recently the large 
and unexpected discrepancies which are observed in the apparent bearing 
of a distant fixed station have shown that the upper atmosphere plays a 
very important part even in the transmission over relatively short distances. 
When the position of a fixed station less than 200 miles away appears to 
change about go° in a few minutes without any apparent cause, it is fairly 
obvious that the signals being received are almost, if not entirely, controlled 
by conditions external to the earth and to that part of the atmosphere of 
which we have any exact knowledge. It shows, moreover, that these 
conditions are subjected to rapid changes. 

In the experiments with reception over long distances conducted before 
the war by the U.S. Navy, it was found that consistent results could be 
obtained only during the day, the night signals, although generally stronger, 
being very erratic. Similar results are obtained in direction-finding. During 
the day the waves come in a direct line from the transmitting station with 
very little trace of variation, but during the night, the direction is very 
variable, and the waves sometimes arrive at the receiving station by two 
different routes with such a phase difference that no resultant direction can 
be found. If the waves came with equal intensity from two directions at 
right-angles and had 9o? phase difference they would produce a pure rotating 
field and the signals would be unchanged as the coil of the receiving station 
was rotated. 

All these phenomena leave no room for doubt that the upper atmosphere 
plays a very important rôle in radio-telegraphic transmission over all but the 
shortest distances, but what the exact nature of this réle may be is still far 
from clear. Near the surface of the earth the atmosphere always contains a 
number of free ions and the number increases rapidly as one ascends. The 
presence of these ions makes the atmosphere conducting, the electric current 
being merely the convection of these free ions in the electric field. This 


Ф 
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conductivity is undoubtedly very considerable at heights between ten and 
one hundred miles, the luminous effects known as the Aurora Borealis being 
associated with this conductivity. Of the constitution of the upper atmo- 
sphere little is known with certainty, but the rare gases, whatever they may 
be, are subjected during the day to the radiation from the sun which 1s 
undoubtedly very rich in ultra-violet energy of great ionising power. This 
results in the ionisation not only of the upper atmosphere, but also to a 
lesser extent of the lower atmosphere. Owing to the absorption of the ultra- 
violet energy the ionising power 1s gradually decreased as the light penetrates 
the atmosphere. There may be, however, well defined surfaces of separation 
between different gases, with sudden changes in the conductivity. It is 
generally assumed that during the night, the ionising cause having been 
removed, the lower atmosphere loses its conductivity and the sudden fluctua- 
tions of signal strength observed at sunset suggest that the recombination or 
removal of the ions takes place quickly. It is usually believed that the 
surface of separation between the conducting and non-conducting atmosphere 
recedes to a higher level and that above this the conductivity persists during 
the hours of darkness. At this point there are several alternative theories 
all more or less unsatisfactory. On meeting a sharply defined change of 
conductivity, the waves may be reflected just as light is reflected at a polished 
metal surface. The condition that the change must be sharply defined 
must be interpreted in terms of the wavelength, a thousandth of a millimetre 
in the case of light being equivalent to several kilometres in radio-telegraphy. 
Any difference in the results obtained with long and short waves may be 
due to this effect. It may be that clouds of ionisation can have as sharply 
defined boundaries as ordinary water clouds. If the change of conductivity 
is gradual the wave will pass without reflection, but will suffer absorption 
in the conducting medium. If the wave travels faster in the upper medium 
than in the lower it will gradually bend down towards the earth and thus 
give a result somewhat similar to that produced by reflection. The upper 
medium being conductive, however, the wave should travel more slowly 
through it than through the lower atmosphere. An ingenious suggestion 
in this connection was made by Dr. Eccles, namely, that the movement of 
the ions in the alternating electric field may be 180? out of phase with the 
displacement current and thus cause an apparent decrease of the specific 
inductive capacity. Since the velocity of wave propagation is inversely 
proportional to the square root of this constant of the medium, it would 
appear that the velocity should be greater than in free space. Many facts, 
however, lead us to regard the velocity of electromagnetic waves in free 
space as an absolutely impassable maximum, and one instinctively distrusts 
a theory which leads to a higher velocity. It may be that a more rigorous 
investigation would show that the scattering due to the absorption of energy 
by the ions and its re-radiation in all directions would be sufficient to counter- 
act the effect of the apparent decrease of the specific inductive capacity. 
The reflection theory is free from this difficulty and the work of Professor 
G. N. Watson has shown that a very slight conductivity would suffice to 
give the observed strength of signals over long distances. Assuming then 
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that the upper atmosphere acts as a conducting цейестог, what is the ex- 
planation of the difference between the day and night effects ? During the : 
night the signals are stronger but erratic in strength and direction. The 
increased height of the reflecting layer would tend rather to weaken than to 
strengthen the signals. The most reasonable suggestion is that the surface 
is more sharply defined by the removal of the ionisation from the lower 
strata when the sunlight is withdrawn. The wave is thus enabled to reach 
an efficient reflecting surface without passing through an absorptive medium. 
The irregularities in the signals at night suggest that the reflecting layer is 
subjected to large changes of contour. It is not easy to see, however, why 
the signals during the day should be so much more uniform. Is the ionisation 
produced by the sunlight more stable in degree and in distribution than that 
which persists during the night. 

These are questions which we hope will be brought nearer solution by the 
collection and correlation of data with respect to the reception of signals at 
various distances from the numerous high-powered continuous wave stations. 


Duplex Wireless Telephony: Some Experiments on its 
Application to Aircraft. 
By Capt. P. P. ECKERSLEY. 


(Continued from p. 340.) 


The use of two aerials on aircraft presents some difficulty but they have 
been employed on American machines in the form of two single wire aerials 
trailed from the wing tips. 

The divided earth circuit using a single aerial and two different wavelengths 
was extremely simple and lent itself very readily to application to aircraft. 
The arrangement is indicated in Fig. 3. In this diagram X represents the 
earth terminal of a standard type of wireless telephone transmitter, but 
instead of being connected directly to earth it is joined thereto through the 
two branch circuits L, C, and L4 C4. The former is tuned to the transmitter 
wavelength and the latter to the wavelength of the received signals. The 
coil L, is coupled to the receiver. The values of L and С, must be adjusted 
so that X remains a potential node, as this reduces the tendency for current 
to flow through the other branch L4C,. In order to prevent the power 
valve V, from generating oscillations of both the transmitter and receiver 
frequencies (on account of the double tuning of the aerial), it is desirable that 
its grid circuit L, should be tuned by the condenser C, to the frequency of 
the waves to be transmitted. It is better to make L, small and C, large and 
L, large and C, small to obtain good results. By introducing tuned stopping 
circuits into the two earth paths the frequency difference may be reduced 
to IO per cent., whereas without stoppers it must be increased to at least 
20 per cent. 
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« (4) PanTIAL Duptex. 


By the use of an “ augmented oscillation transmitter " in which a small 
steady oscillation is maintained, in combination with a receiver protected 
wholly from the small oscillation, but with imperfect protection for larger 
amplitudes, a partial duplex arrangement is possible. Such a system would 
represent a considerable advance over the present switch operated arrange- 
ments and should be very easy to handle. 


(5) SUBSIDIARY PROBLEMS. 


A number of such problems are considered i in the paper, one of the most 
important being the question of the 
type of receiver to be used. In АП the 
arrangements described above low 
frequency amplifiers in connection 
with the reaction valve were used. 
They have certain advantages for this 
type of work as they are not sensitive 
to feeble oscillations, and therefore it 
is possible to work when the receiver 
is not perfectly protected. Such 
arrangements however are not par- 
ticularly sensitive and high frequency 
amplifiers are better, although difh- 
culties are then experienced owing to 
* wipe-out”? effects arising from 

. reaction from the transmitter. The 
best compromise between high and 
low frequency amplification remains 
to be found by experiment. 

An appendix to the paper discusses 
the new nomenclature which has arisen 
in connection with this subject. This 
is briefly as follows :— 


True Durex Wireress TELEPHONY 
includes all circuits which protect the receiver 
from the most intense oscillations generated 
by the transmitter, so that “ chipping in" is 
always possible. 

PartiaL DupLex WIRELESS TELEPHONY includes circuits in which the receiver is protected 
from a small permanent oscillation generated in the transmitter, this oscillation being increased 
in value when speaking, proportionately with the intensity of the voice. With this arrange- 
ment “ chipping in " is not always possible. 

Automatic П0ргкх WinELEss TELEPHONY includes circuits in which the transmitter only 
produces oscillations when speaking, which automatically paralyse the receiver meanwhile so 
that the system resembles only an automatic switching system. 

Any type of transmitter can be used with true duplex telephony. The name AUGMENTED 
OSCILLATION TRANSMITTER has been given to the transmitter used with partial duplex systems ; 


and the name QUIESCENT AERIAL TRANSMITTER has been given to the one used with the 
automatic duplex system. 


Fic. 3. 
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In the discussion attention was drawn to the advantages which had undoubtedly accrued 
owing to the great number of brilliant young scientists who had been led by the necessities 
of the war to concentrate their energies on problems connected with radio-telegraphy and 
telephony. It required considerable optimism to attempt to obtain good speech by means 
of the quiescent aerial systems described in the paper. Contrary to the impression gathered 
from a perusal of the technical journals of other countries since the armistice, it is made 
abundantly clear by this paper, and by the other papers recently read before the Institution, 
that research work of the highest order was carried out in this country and that in the design 
and application of wireless apparatus to meet the novel conditions continually arising, the 
scientific workers attached to the various branches of the services were second to none. 


ee SSeS 


Harmonics in C.W. Transmission.* 
By Capt. L. A. 4. BROADWOOD, А.М.І.Е.Е. 


This paper summarised the results of some experiments carried out in 
France in December, 1916, on C.W. Transmitters. They were funda- 
mentally concerned with measuring the efficiency of the transmitter, by 
determining the effective resistance of the aerial using a substitution dummy 
aerial circuit. The aerial capacity was measured by means of a charge- 
and-discharge commutator and the dummy aerial capacity given the value 
determined in this way. The effective resistance of the aerial was then 
determined at various wavelengths by adjusting the resistance of the dummy 
circuit until the same current was obtained as in the actual aerial. The 
curve of resistance was found to exhibit peaks at various wavelengths . 
which were exact multiples of the fundamental wavelength of the aerial, 
and the efficiency curve likewise showed similar peaks (Fig. 1). 


The paper concluded with 
a graphical construction for Pawe f f foe ИЕШЕ Е ЕТ 
ашин 
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coupled transmitter flow 
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inductance, excite the natural harmonics which are found in the aerial 

circuit itself by reason of its distributed capacity and inductance. 
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In the discussion a simple method was described for detecting the presence of an unsym- 
metrical wave in the transmitter, by coupling it to a tuned wavemeter circuit across which 
was shunted a crystal detector and galvanometer. By reversing the coupling a different 
deflection will be obtained on the galvanometer if the waveform is unsymmetrical. 


* Paper read before the Wireless Society of London on March 26th, 1920. 
HH 
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Review of Radio Literature. 
l. Articles and Patents. 


325. THEORETICAL INVESTIGATION OF THE RADIATION FROM 
ANTENNA бүвтемв. М. Abraham. (Archiv fiir Elektro- 
technik, 8, p. 92, 1919.) 

A study of the radiation from two neighbouring antenne oscillating in 
synchronism and of the effect on the radiation resistance and frequency of 
each due to the other with various degrees of coupling. A study of the effect 
both in sending and receiving antenne of erecting in the neighbourhood 
an auxiliary unexcited but tuned antenna, which by its absorption and 
radiation produces screening and reflection effects. 

See also Rapio Review Abstract No. 01. 


326. Tue Етестко-ЙүмАмісв or RaniaTioN Circuits. K. W. 
. Wagner. (Archiv für Elektrotechnik, 8, p. 145, 1919.) __ 
This is mainly concerned with arrangements of inductances, capacities 
and resistances to produce an artificial aerial. 


327. An INVESTIGATION OF SO-CALLED QUENCHED Sparks. V. 
Pieck. (Jahrbuch der Drabtlosen T elegraphie, 15, pp. 40—67, 
January, 1920. See also Göttinger Diss. and Annalen, 
54, р. 197, 1917. Technical Review, 6, p. 225, March 2nd, 
1920.) 

Àn experimental investigation of the effect on the quenching phenomenon 
of the material of the electrodes, of the nature of the gas and of its pressure, 
of the shape of the electrodes, of the frequency and of the amplitude of the 
current. This is followed by a theoretical study of the phenomenon of 
quenching, following the theory of Roschansky. The spark is treated as an 
electric arc and oscillograph records are given of low frequency arc pheno- 
mena. It is shown that the spark discharge can be completely explained 
in this manner. 


323. THe МАЧрЕІЅТАМ METHOD or AzsoLtuTE MEASUREMENT OF 
FREQUENCY or ELECTRICAL OscirLATIONs. |. Tykocinski- 
Tykociner. (Philosophical Magazine, 39, рр. 289-294, 
March, 1920.) 

Describes the method used for calibrating wavemeters devised by Dr. 
Mandelstam of the Russian Siemens and Halske Works in Petrograd. A 
buzzer B (Fig. 1) excites an aperiodic circuit (a) thus providing a source of 
oscillations of a wide range of frequencies owing to the non-sinusoidal 
character of the current waveform. Oscillations, the frequencies of which 
are exact multiples of the buzzer frequency have the largest amplitudes. 
The circuit (b) the frequency of which is to be measured is coupled with the 
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aperiodic circuit and also with the detector circuit (c) which is used for 
indicating resonancein (b). Ifnis the interrupter frequency and s the number 
of maxima observed between two settings of the condenser Cs, corresponding 


; Y UQ 


ҒАҒтҒЖАЛАҒА, | р 22202000000»? 2 BOSI РР ИРЖ ТР IL bs 


Fic. 1. 


to natural frequencies го and ру of circuit (b) it is shown that 


V 
t 
"E 
. * . P 4 
Thus the frequency for опе setting of С, сап be determined if -? is known. 


2 
It is found most convenient to make За whole number. This is done by 
1 

adjusting a continuous wave generator (d)—arc or triode—so that v, and v, 
are the frequencies of known harmonics of the generator. The interrupter 
frequency is determined by measuring the wavelength of the sound wave 
emitted by a telephone T in the circuit. The telephone is fixed at the end 
of a tube F and the positions of the piston P for maximum sound intensity 
in the earpiece H are determined, from which the wavelength can be found. 
An accuracy of 05 per cent. is claimed. 


329. THE CALCULATION oF THE SELr-INpucTANCE oF Murri- 
LAYER Corts. А. Esau. (Jabrbuch der Drahtlosen Tele- 
graphie, 15, pp. 2—26, January, 1920.) 

Unlike previous methods this is not based on the assumption of a uniform 
current distribution over the whole space occupied by the coil, but upon the 
HH 2 
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self and mutual inductance of the several turns. The result is expressed in 
the form of L = 4armn(S,-+ S5) for a coil of m layers, each of n turns, 
and of mean radius r. 8, and S are complicated functions of у, m, n, the 
radius of the wires and the pitch of the turns. Tables and curves are given 
whereby S, and 8; can be determined with sufficient accuracy for all practical 
purposes, With the help of numerical examples the new formula is compared 


with the previously known approximate formule of Maxwell, Perry, Wein- 
stein and Stefan. 


330. Experiments with Loop Antenne. С. L. Whitney. 
(Radio Amateur News, 1, p. 283, December, 1919.) 

The experiments were carried out aboard ship about 600 miles from Nauen. 

Various shaped loops were tested, and best results were obtained on a tri- 


angular loop with apex vertical about 40 feet above the deck and with both 
ends earthed. ! 


331. MEASUREMENT AND COMPARISON oF SIGNAL INTENSITIES 
IN WinELEss Recrtvers. Н. de Bellescize. (Revue 
Générale de PElectricité, 7, рр. 325-328, March 7th, 
1920.) 

A method of comparing the intensity of the signals from a distant con- 
tinuous wave station with those of a local calibrated triode emitter is 
described. The local source is wholly enclosed in a Faraday cage Е, (Fig. 2) 
with the exception of the coil J (of variable self-inductance) which is included 

jn the oscillatory circuit of the triode emitter. The effect of J on the receiver 
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is proportional to the current J through the coil (I is found to be approxi- 
mately proportional to the anode battery voltage). 

A chronographic arrangement for alternating the signals of the distant 
station and of the local station (each being heard ten seconds at a time) is 
used. Тһе final adjustment to equality is not made by altering the value 
of I but by means of non-inductive shunts Кі and R, across the telephones T. 
If the values of these two shunts for the two cases of distant and local signals 
are respectively E, and R, and N is the number of turns of the coil J included 
іп the oscillatory circuit of the local emitter, then the signal intensity 1, is 
given by cI NR,/R, where к is approximately constant. The resistance R 
is of the order of 2,000 ohms so that the variations of R, and R, make little 
variation in the total resistance of the telephone circuit. To reduce as much 
as possible the effect of external disturbances the receiver is enclosed in an 
earthed cage F,. 

A method of determining the amplifying power of any triode arrangement 
is described, the intensities of the signals being determined with and without 
the amplifying assembly included. 


332. IMPROVEMENTS RELATING To RADIOTELEGRAPHIC TRANS- 
MITTERS. A. Taylor. (British Patent 135111, April 4th, 
1919. Patent accepted, November 20th, 1919.) 

In connection with the well-known method of controlling the output from 
an arc transmitter by short-circuiting with the sending key a loop of wire 
inductively coupled to the aerial circuit,” provision is made in the case of high 
power stations for the splitting up of this loop into a number of separate 
segments each arranged to be short-circuited by electromagnetically operated 
keys. For obtaining a definite group frequency for the transmitted waves 
interrupters may be connected in series or shunt with each pair of relay 
contacts. 


333. TRANSMITTERS. А. Taylor. (French Patent 497798, April 
3rd, 1919. Published December 17th, 1919.) 
The specification describes a system of radiotelegraphic transmission. 
For further particulars, see British Patent No. 136059.ї 


334. RADIOTELEGRAPHIC TRANSMISSION Systems. A. Taylor. 
(British Patent 136059, March 25th, 1919. Patent accepted, 
December 11th, 1919.) 

In a system of wireless signalling the emission of radiation from the aerial 
is controlled by an auxiliary circuit. In Fig. 3 the aerial is supplied by the 
arc A, fed from the D.C. generator G. The auxiliary circuit includes the 
condenser C, the inductance L and a winding L, on an iron core Т. This iron 


* Cf. Rapio Review Abstracts Nos. 114, 189. 
ТІ Rapio Review Abstract No. 334. 


390 THE RADIO REVIEW. Vor. 1 


core is also provided with a second winding L, through which direct current 
flows when the signalling key K is in the position of rest. This current is 
arranged to saturate the iron core and oscillations will then take place in the 


Fic. 3. 


auxiliary circuit CL L, to the exclusion of the aerial circuit. When the key 
is pressed the direct current is interrupted and the large hysteresis loss which 
then occurs in the iron core chokes back the high frequency current from the 
auxiliary circuit. Choke coils Ly may be inserted in the direct current circuit 
to prevent the flow of high frequency current in that circuit. The iron core 
may be water or oil cooled. 


335. Continuous Wave Transmitrers. L. Е. Fuller. (French 
Patent 496096, February 21st, 1919. Published October 
25th, 1919.) . 

The invention described in this specification consists of an oscillation 
generator of the arc type. А cathode, for example of carbon, and an anode 
of less width than the cathode are both enclosed in a casing so that the arc 
may be produced in an atmosphere of hydrogen, and the poles of a magnet 
extend into the said casing to produce a magnetic flux in the gap between 
the anode and the cathode. The distance between the anode and the 
poles is greater than the distance between the cathode and the poles, and is 
also greater than the distance between the anode and the cathode. 


336. Імрустов ALTERNATORS. Е. Е. W. Alexanderson. (British 
Patent 134830, October 28th, 1919. Convention date 
November 4th, 1918. Patent not yet accepted but open 
to inspection.) | 

Special constructional details for the inductor of ап Alexanderson type 
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high-frequency alternator are described in this patent. Two circumferential 
rows of radial slots filled with non-magnetic material are provided for. 


337. IMPROVEMENTS IN FREQUENCY TRANSFORMATION. General 
Electric Company, U.S.A. (British Patent 134045, October, 

1918. Patent accepted, October 29th, 1919.) 
A radiotelephone transmitter is described using a high-frequency alternator 
as the source of oscillations. In Fig. 4, the current from the alternator G 
is deformed by the coil L, so that a higher harmonic may be used in the aerial 
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circuit. The condenser C4 compensates for the internal inductance of the 
alternator G. Condenser C4 compensates for the inductance of coil L4, and 
condenser C, for that of L4. In order to prevent current of fundamental 
frequency flowing in the aerial circuit the upper point X of the coil L, is 
arranged to be approximately at earth potential. The aerial circuit is tuned 
to the higher harmonic. For controlling the amplitude of the continuous 
wave radiation, multiple microphones M, M, M, (all under the influence of a 
single mouthpiece) are arranged as shown to modify the magnetic saturation 
of the iron core inductances L, L; which are supplied from the direct current 
generator D. These two inductances therefore act as a variable shunt to 
the aerial circuit. Condenser C; is arranged to offer a low impedance to the 
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high-frequency currents. Е, Е, Ез represent the divided field windings of 
the alternator G and serve mainly as steadying inductances in series with 
the microphones. | 


338. THe Mopuration оғ Нісн-Еввоувмсү OSCILLATIONS. 
Western Electric Company, U.S.A. (British Patent 133366, 

June, 1918. Patent accepted, October 16th, 1919.) 
A wireless telephone transmitter is arranged so that the modulation 
current from the microphone М (Fig. 5) is amplified by the valve V, which 


Fic. 5. 


is joined across the high tension battery B, and the choke inductance Ly 
which form part of the plate circuit of the oscillation generating valve V,. 
The voltage supply to the plate circuit of the generating valve V, is 
thus varied in accordance with the speech signals from M. The circuits of 
V, for generating the oscillations may be arranged in the well-known 
manner indicated—L L’ C being the oscillation circuit. 


339. Ілооір Міскорноквв. 8. G. Brown. (British Patent 


134865, August 13th, 1918. Patent accepted, November 
13th, 1919.) 

In one form of the liquid microphone described in this specification, the 
containing vessel is divided horizontally into two portions by an insulating 
_ barrier. The centre of this insulating partition is pierced with a small hole 
over which a valve is arranged in such a manner that the effective opening 
between the two parts of the containing vessel is varied by the motion of the 
diaphragm to which the valve is coupled. In Fig. 6, A is the containing 
vessel, D the diaphragm, B the insulating partition, H the small hole through 
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this partition and V the valve con- 
nected as shown to the diaphragm, 
D. E, and E, are the two electrodes 
of the microphone. Other modifica- 
tions are described in the original— 
in one of these the diaphragm forms 
one wall of a narrow passage through 
which the electrolyte passes, so that 
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its effective cross sectional area ‘i < 
is varied by the motion of the 
diaphragm. 


340. APPARATUS FOR Cox- 
"^ TROLLING ELECTRICAL Fic. 6. 
ENERGY IN SIGNALLING 
Systems. C. D. Ehret. (British Patent 134725, February 
"20th, 1919. Patent accepted, November 13th, 1919.) 
One of the arrangements described is illustrated diagrammatically in 
Fig. 7. The microphone M is arranged to control the output of the valve 
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amplifer V by controlling simultaneously its grid potential (through the 
transformer T4) and its filament current. Іп the arrangement indicated no 
reaction is provided between the plate and grid circuits in order to cause the 
valves to set up oscillations, but a source of high frequency fluctuating or 
alternating current is impressed upon the grid circuit at G. Various other 
modifications of this idea are described, including a very similar arrangement 
suitable for use when reaction coupling in the valve is employed. 


341. TELEPHONE TRANSMITTERS. E.S. Pridham and P. L. Jensen. 
(British Patent 133365, June, 1918. Patent accepted, 
October 16th, 1919.) 

Telephone transmitters for use оп aeroplanes and in other noisy situations 
have their diaphragm exposed on both sides to the noise vibrations, whereas 
the speech vibrations act only on one side. By suitably adjusting the 
distance between the instrument and the speaker’s mouth the effect of the 
undesired noises may be reduced to a minimum. 
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342. TELEPHONE TransmiTTERS. А. Marr. (British Patent 


133527, November 1918. Patent accepted, October 16th, 
1919.) 
The constructional features are described of a telephone transmitter in 
which the vibrations of the diaphragm are transmitted to the movable 
electrode of the microphone through a confined layer of air. 


343. TELEPHONE TRANSMITTERS. Е. М. C. Tigerstedt. (British 
Patent 135183, November roth, 1919. Convention date 
November 8th, 1918. Patent not yet accepted but open 
to inspection.) 

In one of the forms of microphone transmitter described, the electrodes are 
in the form of circular discs between which are placed layers of insulating 
cloth. The discs are connected alternately to the two terminals of the 
instrument. The edges of the disc are surrounded by a thin layer of granular 
microphonic material held against the electrodes by a flexible covering which 
is operated upon by the speech waves, so as to vary the pressure upon the 
granules. Other modifications are described, for example one in which the 
electrodes are in the form of annular rings separated from one another by the 
insulating cloth and with the layer of granules pressing against one set of 
edges of the rings. 


344. TELEPHONE TRANSMITTERS AND ReEcEIvERS. Western 
Electric Company, U.S.A. (British Patent 134872, Sep- 
tember 20th, 1918. Patent РИ November 13th, 
1919.) 

In order to increase the natural period of vibration of the diaphragm of a 
telephone transmitter or receiver, or of similar acoustic apparatus, a broad 
flat surface is rigidly mounted at a distance of not more than 24 mils. 
(0-0025 inches) behind the vibrating diaphragm. The layer of air between the 
diaphragm and the flat surface increases the damping of the diaphragm. 


345. WinELESS TELEPHONY. А. Meissner. (Telegrapben- und 
Fernsprech-Techntk, 8, рр. 45—48, July, 1919.) 


A brief review of the subject, more especial of methods used by the 
Telefunken Company. As generators of the high-frequency current alter- 
nators can be used for large powers and large wavelengths, arcs and valves 
for medium and small powers. The arc can only be used for waves above 
2,000 metres. The future belongs to the thermionic valve. The precautions 
necessary to make a number of microphones work in parallel are described. 
The microphone current can be made to affect the iron of the frequency 
doubling transformers inserted between the alternator and the aerial (diagram 
given in original). Two methods of using thermionic generators are described, 
one suitable for small powers with the microphone in the aerial, and the 
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other for large powers with the microphone acting on the grid. A three 
valve amplifier is shown for insertion between the receiving end of a telephone 
line and the control of the wireless transmitter. Two-way working by 
means of two separated aerials tuned to slightly different frequencies is 
discussed. 


346. IMPROVEMENTS CONNECTED WITH THE VALVES OF WIRELESS 
Transmission Systems. C. E. Hiatt. (British Patent 
131668, July, 1918. Patent accepted, September 4th, 
1919.) 

A special arrangement of spring is described for maintaining the tension 
on the filaments of valves. The spring is constructed of platinum-coated 
nickel steel and should be freed from gas in the same manner as the other 
parts of the valve. 


347. IMPROVEMENTS RELATING TO THE MANUFACTURE or ELEC- 
TRICAL VALVE Товкз. L. Robinovitch. (British Patent 
131670, July, 1918. Patent accepted, September 4th, 
1919.) 

To improve the vacuum some or all of the metal parts are provided with a 
film of oxide or other compound with the metal of which the parts are con- 
structed, or with a film of gas capable of chemical combination with such 
parts. The plate or grid may, for instance, be heated in oxygen, dry air, 
chlorine, sulphur dioxide, or it may be electrolytically coated with a film of 
oxygen in dilute acid or with chlorine in brine. After sealing off the tube, 
the anode is again brought to a dull red heat for a few seconds. Prolonged 
ageing to remove the residual gas is unnecessary. 


348. Vacuum Товеѕ. C. Е. Hiatt. (British Patent, 133181, 
October, 1918. Patent accepted, October 9th, 1919.) 
The grid and anode of a vacuum tube for use in wireless consist of wires 


stretched across the tube and anchored into the walls by fusion of the , 
glass. 


349. THE Construction oF Vacuum Товеѕ. R. 5. Hawkins. 
(Radio Amateur News, 1, pp. 278—279, December, 1919.) 
A general description of the manufacturing methods of vacuum tubes 


particularly of the Moorehead Tube. 


350. IMPROVEMENTS IN ELECTRICAL DiscHarcE Devices. Cutler- 
Hammer Manufacturing Company, U.S.A. (British Patent 
133783, October 1918. Patent accepted, October 17th, 
1919.) 

This patent deals with a particular construction of three-electrode vacuum 
tube with double flat anodes. The grid electrode consists of a fine wire 
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"closely wound over two transverse springs mounted in the plane of the 
filament, the grid wires being held out on each side of the filament by one or 
more flexible transverse wire bridges. The grid wire should be fine and closely 
wound. j 


351. IMPROVEMENTS IN THREE-ELECTRODE Vacuum TUvuBEs. 
J. Erskine-Murray. (British Patent 133413, October, 1918. 
Patent accepted, October 6th, 1919.) 


The particular feature of the valve described is the arrangement of the 
position of the grid electrode, so that an increase in its potential causes a 
decrease in the current passing between the anode and cathode, and vice 
versa. 


352. OscILLATION CHARACTERISTICS OF ‘THREE-HLECTRODE 
LAMPS USED AS GENERATORS OF SUSTAINED OSCILLATIONS. 
A. Blondel. (Comptes Rendus, 169, pp. 676—680, October, 
1919.) | 

The ordinary method of studying the oscillations set up by 3-electrode 
valves based on a consideration of the straight part of the characteristics 
does not take into account the limitation of the amplitude of the oscillations 
by the curvature of the characteristics. The author shows that a more 
general method of treatment may be based upon the “ oscillation charac- 
teristics " of the valve, and it is shown how the ordinary static curves may 
be transformed graphically to give the dynamic curves. These curves are 
preferably plotted with plate current as abscissz and plate voltage as ordinates 
thus resembling the dynamic characteristics of oscillating arcs. 

If U, — the normal plate voltage without oscillations, 

V, = the normal grid voltage without oscillations, | 

I, = the normal plate current without oscillations, 
these three values determine the co-ordinates of one point upon the complete 
system of curves for the valve. If then the establishment of oscillations 
causes a variation 4 in the plate current (this variation being approximately 
sinusoidal), there will be a corresponding variation u in the potential at the 
terminals of the plate circuit. By reason of the reaction provided between 
the plate and grid circuits this change и will give rise to a voltage variation v 
which will be superimposed upon the steady voltage V in the grid circuit. 
Hence a new point upon the “ oscillation characteristic has co-ordinates of 
(Г, + 0), (У, + 0), ара (U + и). By giving various values to ? throughout 
the cycle, the complete curve may be delineated. 

Three cases are considered in the paper :— 

I. Inductive coupling, for which v = — au = — (M/L)u where M = the 
mutual inductance between plate and grid circuits and 1, = inductance in 
plate circuit, at the terminals of which the voltage variation u takes place— 
assuming that the resistance of L is negligible. а = a constant of propor- 
tionality = M/L in this case. 

II. Resistance ог“ potentiometric ” coupling in which the grid voltage is 
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derived from the change in p.d. at the terminals of a resistance in the plate 
circuit.* 

For this case v = + bi, where b is some constant. 

ПІ. The general case for which v = (v, ù) including the special case which 
combines I. and II. for which the function ¢ is linear—viz., v = + au + bi. 


353. THEORY ОЕ THE OPERATION or THE ÁupioN DETECTOR. 
Е. Carbenay. (Revue Générale de Électricité, 6, pp. 579— 
583, November, 1919.) 

A mathematical article dealing particularly with the use of a triode valve 
as a detector of high-frequency oscillations. The sections covered by the 
paper are as follows :— 

(r) The semi-empirical equations of the valve. 

(2) Arrangement of audion detector and equation of the grid potential. 

(3) Reception of trains of sustained waves. 

(4) Reception of wave trains of any type. 

(5) The use of an auxiliary oscillation generator (heterodyne). 

(6) Low-frequency power output in the plate circuit, 

(7) The response (output) of the audion detector. 


354. A SIMPLIFIED THEORY OF THE VALVE AMPLIFIER. Е. Mallett. 
(Post Office Electrical Engineers Journal, 12, pp. 134—137, 
October, 1919.) 

The theory given is based on the assumptions that over the range used, 
the plate current— grid voltage, and plate current—plate voltage curves, are 
straightlines. The author then shows that the total change in plate current 
is the sum of the changes due to the voltage impressed on the grid and to 
the consequent changes in plate voltage. Hence the voltage amplification 
tan @ _ slope of grid voltage— plate current curve 
tang slope of plate voltage— plate current curve’ 


_ pZ u 
is RIZ 1%: where u = 


Ro = the internal impedance of the valve, and Z = external plate-circuit 
impedance. 


355. Tue Desicn or MurriPLE-STAGE Ampuiriers. С. L. For- 
tescue. (Electrical Review, 85, pp. 700—701, November 
1010.) 

See Каро Кему, І, рр. 83—88, 134—143. 

356. Tue MEETING оғ THE BRITISH Association : Discussion ом 
Tuermionic Vatves. (Electrician, 83, рр. 306—307. 
Electrical Review, 85, pp. 380—382, September, 1919. 
Engineering, 128, p. 357, Abstract. Radio Review, 1, p. 26 
—38, October, 1919.) 


* See also Rapiro Review Abstracts Nos. 236 and 237. 
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357. TRIODE AMPLIFICATIONS AND DETECTOR SENSITIVITY. A. 
Press. (Electrician, 84, pp. 35—36, January 9th, 1920.) 

This article is designed to remove the confusion between the formule used 

by L. B. Turner* and those employed in discussions at the Institute of 

Radio Engineers. Formule for the potential and current magnifications, 

and for the detector sensitivity, are evolved from the relation 7, = f (v,, V). 


[4 = anode current, v, = anode voltage, and v, = grid voltage.] It is 
shown that the potential magnification is given by 
0%, 
ат, — №, Á Qv, 
dv 1+ R/Q 1--R ща 


where В = resistance in anode circuit, R, = resistance in grid circuit, and 
1 ; ; : я 
a= 0t,/0V_ = the internal plate-filament conductance determined with 
v,constant. The current amplification is given by Фа M c ANNE 

i di, 1 + R/O — Rwgg' 
where w = the internal grid-filament resistance determined with v, constant, 
9 = 04/00, = mutual conductance, and 0! = 0i,/0v, = the conjugate mutual 
conductance, and is much smaller than g. The detector sensitivity, 


ED = EK, 1 = g 
б--4ий,-- 0 pmo t+ I= тт во" 


358. WAVEFORM OBTAINED FROM THE ALUMINIUM RECTIFIER. 


N. H. Williams and J. M. Cork. (Electrical World, 74, 
рр. 937—938, November, 1919.) 

The use of several rectifying cells in series, to enable voltages up to 2,200 
to be rectified, is dealt with in this article. Some oscillograms are given 
of the waveforms of the voltage and current showing the smoothing 
effect of capacity in parallel 
with the D.C. load, and of 
inductance in serles with the 
load. The special arrangement 
of double rectifier and smoothing 
condenser indicated in Fig. 8 is 
also described. This arrange- 
ment 1s attributed to Schultz 
and it enables D.C. voltages to 
be obtained up to about two and 
a half times the R.M.S. alternat- 
Fic. 8. ing voltage. 


ж Electrician, 83, pp. 4—5, 34—35, July 4th and 11th, 1919. 
T An analogous arrangement using valve rectifiers was described іп Rapio REVIEW 
Abstract No. 119. 
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359. WrreLess Direction Finpinc. N. P. Hinton. (British 
Patent 134644, November 22nd, 1918. Patent accepted, 
November 13th, 1919.) 

The direction of a wireless transmitting station is determined by employ- 
ing three, five, or more immovable directive aerials and comparing signals 
received when the aerials are connected in series in various orders, or when 
the aerials are placed in circuit singlyin turn. The arrangement particularly 
described has three aerial systems crossing one another at angles of 60°. 
These may either be joined up in series in various combinations or any one of 
the three may be connected in turn to the receiving apparatus. The circuit 
of the three aerials is completed through the movable coil of a special type 
of radiogoniometer having the same number and arrangement of fixed 
windings as there are receiving aerial systems. These fixed windings are 
connected to the receiver proper, and they are arranged in the same com- 
bination as are the external aerials. The change over of the connections for 
the various combinations is effected simultaneously for the aerial systems and 
for the radiogoniometer coils. In taking a reading of direction the two aerials 
which give the loudest signals are used and the connections are changed 
over from one to the other while the position of the radiogoniometer search 
coil is adjusted until equal intensity of signal strength is obtained in the two 
positions. The pointer attached to the moving coil then indicates the direc- 
tion of the waves. 


збо. Tug U.S. Navy Rapio Compass. (Everyday Engineering 
Magazine, 8, pp. 109—111, November, 1010.) 

This article describes in general terms the directive action of a loop aerial, 
and then gives the combined antenna and loop aerial arrangement used to 
obtain the absolute direction instead of two alternative directions as given 
by the simple loop. In Fig. 9 A, is an ordinary elevated aerial and А, is 
a frame aerial inserted in the tuned secondary circuit coupled to A,. V is 


A 
] | 
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any usual form of valve detector. The inductance L, is made equal to that 
of A,, so that the wavelength of the circuit L, C, remains unchanged when 
the loop is cut out of this circuit by the switch S. Signals are first picked 
up on A, and carefully tuned with A, cut out. The loop A, is then inserted 
in the circuit, and the absolute direction determined approximately. The 
ordinary aerial A, is then cut out and the directional line of the incoming 
waves determined exactly, using the sharper minimum positions on the 
receiving loop. Further details are to follow in a subsequent article. 


361. How AEROPLANES ARE NAVIGATED BY WIRELESS. R. Keen, 
(Wireless World, 7, pp. 389—393, October, 1919.) 
An elementary description of the use of the radiogoniometer, and of 
D.F. working between aircraft and ground stations. 


362. On THE GoNIOMETRIC FUNCTIONS APPLICABLE TO DIRECTIVE 
AzniALs. А. E. Blondel. (Radio Review, 1, pp. 1—10; 
58—66; 110—123, 1919.) 


363. THE TRANSMISSION OF ELECTROMAGNETIC WAVES AROUND 
THE Kartu. G. №. О. Howe. (Radio Review, 1, pp. 78—80, 
November, 1919.) | 


364. RaDIOTELEGRAPHIC INVEsTIGATIONS—REporT оғ BRITISH 
AssociaTioN ComMITTEE. (Electrician, 83, pp. 311—312, 
September, 1919. Radio Review, 1, pp. 24—26, October, 


1919.) : 


365. THERMIONIC AMPLIFIERS. Siemens and Halske, Akt.-Ges. 
(British Patent 134832, October 30th, 1919. _ Convention 
. date May 22nd, 1918. Patent not yet accepted but open 

to inspection.) | 
When several amplifying valves are used to form a cascade amplifier with 
the filaments connected in series, provision is made for suitably determining 
the grid potential of each valve by connecting the grids to different points 
on the common filament battery, or to different points on a potentiometer 

resistance shunted across that battery. 


366. REMARKABLE AMPLIFICATION. (Scientific American, 121, 
р. 457, November, 1919.) | 
Mentions the use of 19-stage multivalve amplifiers by the British Navy 
for intercepting buzzer signals over long distances. 


367. IMPROVEMENTS RELATING TO AmpLiFyING Apparatus. М. 
Latour. (British Patent 132668, November, 1917. Patent 
accepted, September 25th, 1919.) 

An addition to British Patent No. 130103. In the multivalve amplifier 
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described, the plate circuits are supplied from a common high tension source 
B, (Fig. 10) and two of the valves are used for amplifying both the high and 
the low-frequency currents. The in- 
coming signal is supplied to terminals t Ё 
T, T and is amplified by the valves 
Vi, Vz, Ма which are connected together có 

through high-frequency transformers T,, | iilt аа 14 
Ts. V4 serves as a detector апа its low- 
frequency output circuit is joined in 
series with the grid circuit of valve V, 
through low-frequency transformer Т, 
and the secondary winding of T, as 
indicated. The low-frequency current 
is thus further amplified by V, and V, 
coupled by the low-frequency intervalve 
transformer T4, and finally led to ter- 
minals Т’, Г. The windings of T, аге 
shunted by condensers as shown in 
order to provide a bye-path for the high- 
frequency currents which are passed from 
Va to Vg through the high-frequency 


transformer T,. 


Fie. то. 


368. A THERMIONIC AMPLIFIER FOR 
Low-Awopr VorrAGEs. Е. 
Rüchardt. (fabrbuch der 
Drabtlosen Telegraphie, 15, 


рр. 27—39, January, 1920. 
Technical Review, 6, p. 225, 
March 2nd, 1920.) 

A record of some extremely interesting 
experiments carried out at Wiirzburg 
under the direction of W. Wien for the 
Army and Navy authorities, with the 
object of designing an amplifier which 
would operate with an anode voltage of 
IO volts or less. In one form the filament 
is placed between two parallel plates 
about 2 mm. apart one acting as anode 
and the other as grid. With an anode 
voltage of 10 the steepness of the charac- 
teristic was only 0-6 of that of a normal Т 
go volt amplifier and gave only o:4 to ве 
0:5 of the amplification. Attempts to bring 
the control electrode nearer the filament introduced difficulties owing 
to the distances changing when the supports became heated. This led 
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to several new types of construction being tried. Fig. II represents 
the form finally adopted; the filament 15- held taut between two springs 
of'coppered steel wire which act as leads. Тһе anode and control 
plate are angle plates carried on the glass stem. In Fig. 12, curve г 
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refers to the earlier type mentioned above, curve 2 (dotted) shows the normal 
steepness of a go volt amplifier and curves 3, 4 and 5 are the characteristics 
of the new type at voltages of 6:5, 13 and 20 volts respectively. Many of 
the troubles were traced to bad tungsten filaments and were overcome by 
using the so-called crystal wire made by Pintsch. With inferior filaments 
good results were only obtained by overrunning the filament. 

The steepness of the characteristic 15 greater than in the до volt case, in 
one case three times as steep, but the internal resistance is much lower, viz., 
about a tenth, that is 01,/0Е, is greater, and OE,[0l, is much less, and 
therefore the voltage amplification 0#,/0H, is less than in the ordinary case. 

Several connections are given for two valve amplifiers, and some experi- 
ments over a range of frequencies (400 to 1,100) showing resonance effects 
at 600 to 800. 


369. A HeTeropyninc WavEMETER. J. Scott-Taggart. (Zler- 
trician, 83, p. 243, September, 1919.) 

A description is given of the usual type of C.W. wavemeter containing an 
oscillating valve, with telephones in the anode circuit. Measurements are 
made by adjusting the instrument until the beat frequency obtained by the 
interference of the wavemeter oscillations with the oscillations to be measured, 
becomes zero. The required wavelength is the midpoint of the silent or 
* dead ” space. 


270. HeTERODYNE Reception. H. Salinger. (Physikalische 
Zeitschrift, 20, pp. 488—490, November, 1919.) 


^ This method is not suited to the determination of the component oscilla- 
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tions in the received wave, since, owing to the curved characteristic of the 
detector, various combination tones arise so that audible beats are obtained 
even when the two composed oscillations are pure harmonics of very different 
frequencies if one is a multiple of the other. Thus if the received signal has 
A, = 8750 metres, then audible notes are obtained when the superposed 
oscillation has the following wavelengths, A, = 1675—1750; 2060—2190; - 
2750—3000; 3900—4600; 7500—10400 metres. In the experiments 
filters were used to ensure purity of the oscillations. 


371. IMPROVEMENTS RELATING To WIRELESS SIGNALLING 
Systems. General Electric Company U.S.A. (British 
Patent 134585, October 4th, 1918. Patent accepted, 
November 4th, 1919.) 

In order to minimise the effect of static disturbances on the receiving 
instruments, amplitude pulsations of inaudible frequency are produced either 
by the generation in the transmitting aerial of oscillations of two frequencies, 
or by supplying the second frequency from a local source at the receiving 
station. The currents of inaudible frequency are accumulated in a resonant 
circuit at the receiving station, and are detected by heterodyning from a low 
frequency generator or otherwise. In the transmitting arrangement 
described, the output of a high frequency alternator is controlled by two 
magnetic modulators of the Alexanderson type through which alternating 
currents are sent of frequencies of the order of 5,000~. The windings of these 
modulators are so arranged that during one half cycle the reactance of one of 
them is а minimum and that of the other is a maximum. The aerial is doubly 
tuned to two frequencies namely, the main oscillation frequency + the 
local oscillation frequency (which in this case is taken as 5,000). 

The Fig. 13 indicates an arrangement of receiving apparatus with a 


Fic. 13. 


doubly tuned aerial suitable for picking up the wave emitted from a trans- 
mitter of the above type. The two branches of the aerial circuit C,L, and 
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C,L, are tuned respectively to the two frequencies. The valve amplifier V, 
magnifies the pulsations of inaudible frequency and the circuit LíL.,C, is 
tuned to this frequency. The oscillations are heterodyned by the local 
generator G of slightly different frequency to the difference between the two 
frequencies emitted by the transmitter and are then detected by the valve V, 
and the telephones T. Alternatively a highly damped or aperiodic aerial cir- 
cuit may be used in place of the branched doubly-tuned aerial indicated in 
the figure. Fig. 14 indicates an arrangement of receiving apparatus adapted 
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to receive waves of a single radio frequency only, the amplitude pulsations 
of inaudible frequency being produced by beats with a local high-frequency 
generator G. The circuit L,C is partly screened from the effects of static 
disturbances by the inter-position of the two iron-cored transformers T,T, 
which are provided with regulating windings L,L, excited from a battery В. 
These transformers serve to limit the voltage that can be transmitted to the 
circuit L4C as excessive shocks due to atmospherics produce saturation in the 
iron cores. Other slight modifications are also described in the original. 


372. TRANSMITTERS. Compagnie Francaise pour [Exploitation 
des Procédés Thomson-Houston. (French Patent 497446, 
March 22nd, 1919. Published December 5th, 1919.) 


The invention relates to systems for generating oscillations. For further 
particulars, see British Patent No. 134585.* 


373. WIRELESS SIGNALLING. Siemens and Halske, Akt.-Ges. 
(British Patent 135177, November 7th, 1919. Convention 


date June 18th, 1918. Patent not yet accepted but open 
to inspection.) 


The arrangement described is shown diagrammatically in Fig. 15. The 


Ж Rapiro Review Abstract No. 371. 
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incoming oscillations from the aerial circuit AL,E are heterodyned to a 
supersonic beat frequency by the local source of oscillations H which is 
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coupled to the secondary circuit L,D, by the small transformer T,. The 
supersonic beat currents are rectified by the detector D, and pass through 
the tuned circuits С.І, and C,L, to the amplifier V. Amplified supersonic 
beat currents are rectified by the detector D, and are thence passed to the 
receiving telephones T. 


374. WinELEss Receivinc Apparatus. Е. Е. W. Alexanderson. 
(British Patent 133965, October, 1918. Abridgment 
published December 17th, 1919.) 

This receiver is par- 
ticularly arranged for ' 
detecting signals from 
one station and at the 
same time cutting out 
signals from a second 
(interfering) station. 
The essential features 
are the use of aperio- 
dic horizontal aerials 
each connected to a 
phase rotator consis- 
ting of two branches 
in parallel, through 
one of which the cur- 
rent lags and through 
the other it leads 
with respect to the 
impressed E.M.F. The Fic. 16. 


A, 
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circuit diagram is that of the “ Barrage Receiver” dealt with in Rapiro 
Review Abstract No. 75 (Fig. 4). 

An arrangement is also described for varying the effective direction of a 
pair of horizontal aerials A,, A, (Fig. 16) by connecting them to different 
points on a distributed capacity circuit joining the earthed aerials A4, A,, 
mounted geographically at right angles to the main aerials A, A,. Such a 
circuit is indicated at E,A,C,C,. . . C,C,A,E, Тһе arrangement is 
stated to be useful for neutralising atmospherics coming from any particular 
direction. 


375. RECEIVERS ков WIRELESS TELEGRAPHY. С. S. Franklin. 
(British Patent 134246, June 28th, 1918. Patent accepted, 
October 28th, 1919.) 

A wireless receiver specially adapted for short waves is arranged as indi- 
cated in Fig. 17 so that the variations in potential produced by the received 
wave cause the potential of the filaments relative to its windings to vary more 
than the potential of the other electrodes. The diagram shows the connec- 
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tions of a two-electrode valve receiver in which the two leads from the 
flament battery B, to the valve filament are wound together to form the 
secondary of the coupling jigger. The connections from the ends of these 
double windings to the battery B, are made through the choke coils Lo. 
The secondary tuning condenser is in two parts C,C, across the two windings. 
By this means the capacity at the filament end of the secondary winding is 
reduced to a minimum. 


376. AERIAL Construction. J. Bethenod. (French Patent 
497313, April 20th, 1918. Published December 3rd, 1919.) 

This specification describes a new system of aerials for the emission of 
electric waves of long wavelength produced either by a high-frequency 
alternator or by an arc, and it consists in the combination of two aerials 
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at right angles and submitted to impulses which are out of phase with each 
other. 


377. IMPROVEMENTS RELATING TO WIRELESS SIGNALLING SYSTEMS. 
J. H. Rogers and H. H. Lyon. (British Patent 133083, 
November, 1916. Patent accepted, October 9th, 1919.) 


The radiating and receiving conductors of a wireless signalling system are 
placed on, or beneath, the surface of the earth, or water, and in electrical 
contact therewith. For directive or multiplex working it is proposed that 
several such conductors should be used arranged in different directions with 
the provision of suitable switches for using one or more of these aerials as 
requisite. 


378. UNDERGROUND RADIO MADE POSSIBLE FOR AMATEURS. 
E. T. Jones. (Radio Amateur News, 1, pp. 274—275, 
December, 1919.) 

The arrangement described aims at eliminating the long trenches required 
for the usual type of “ ground aerials.” The two horizontal aerial wires 
which are normally stretched out along or under the ground surface are in the 
arrangement described wound up into two coils of from 2 to 4 feet diameter 
each. The coils are sunk in water from 4 to 15 feet or buried in damp earth. 
One end of each coil is insulated and the other brought up to the ordinary 
valve receiving set. In the experiments described good signals were appa- 
rently received from a number of stations at a considerable distance and work- 
ing on various wavelengths. The signal strength increased with the distance 
between the coils up to about 30 feet. About fourteen turns of cable were 
used on the 4-foot coils, and it 1s stated that practically no signals were 
received on them until they were lowered into the water or buried in the damp 
soil. When using the ordinary straight wire ground aerials, receiving on short 
wavelengths requires the use of a critical length of wire to obtain best results, 
but with the coils used in these experiments the length of wire did not 
materially affect the reception unless it was greater than about 500 feet on 
each coil. 


379. THE WIRELESS EQUIPMENT OF EX-GERMAN SUBMARINES. 
E. Harper. (Post Office Electrical Engineers’ Journal, 12, 
рр. 155—169, October, 1919.) | 

Àn illustrated description of the Telefunken apparatus installed in those 
vessels. In the standard sets a quenched spark transmitter with zincite- 
bornite crystal receiver was used. The discs of the quenched spark were an 
alloy of 80 per cent. silver and 20 per cent. copper. 

In some sets two or three valve low-frequency amplifiers were added to 
the above to increase the range. A few of the submarines were provided 
with an additional box of apparatus containing three valves. These could 
be used for heterodyne reception or for short-range C.W. transmission. Some 
particulars of the windings, etc., are given in the paper together with 
characteristic curves of the valves and photographs of the apparatus. 
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380. Great WinznEss Stations: Towyn. (Wireless World, 7, 
рр. 433—437, November, 1919.) 


An illustrated description of the Towyn Trans-Atlantic Receiving Station. 


381. Tue New Brunswick Варо Station. (Radio Amateur 
News, 1, p. 276, December, 1919.) 


A short description with illustrations of some of the machines. 


382. THe LARGE Евкмсн WIRELESS STATIONS DURING THE War. 
(La Nature, 47, pp. 374—384, December, 1919.) 

This article is divided into five sections describing in a general way the 
war-time work and developments of the wireless stations at the Eiffel Tower, 
Lyons, Nantes, Bordeaux, and in the French Colonies. The first arc sets 
installed at the Eiffel Tower yielded 40 kw. in the aerial. Later this was 
increased to roo kw. An extensive scheme of listening stations was arranged 
around Paris for the interception of all messages sent from enemy or neutral 
stations. Throughout the war these stations intercepted some 50,000,000 
words, while the Eiffel Tower station itself sent about 1,500,000. It was 
even found possible to decipher messages from German stations when these 
were sent with a Hughes transmitter, by running an appropriate receiver in 
synchronism. Тһе Lyons station was entirely erected during the war, and 
commenced work with a 150-kw. spark-set putting 50 kw. into the aerial. 
Later an arc was installed giving 70 kw. in the aerial, which was subsequently 
increased to тоо kw. by improvementsinthearrangements. The eight 400 feet 
towers first installed were increased in height (two to 675 feet and six to 
600 feet) to ensure reliable communication with America. This station has 
been heard in Central Africa, Shanghai, the Philippines, and New Zealand. 
Arcs giving 200 kw. are also to be installed. A 200-kw. 20,000 ~ alternator 
was installed in July, 1919, and gives better signals in America than the 
200-kw. arcs. The Nantes station erected by the French naval authorities 
has 30- and 150-kw. spark sets and three arc sets similar to that at the Eiffel 
Tower. The Bordeaux station is to contain a 300-kw. arc, a 500-kw. arc, 
and two 500-kw. alternators, to work on 20,000 metres wavelength. The 
aerial is 820 feet high and 5,000 feet long. A station is to be erected in 
Indo-China having similar equipment. 


383. THE Гкснміслі. Procress ім Larce WIRELESS STATIONS. 
(La Nature, 47, pp. 387—389, December, 1919.) 

A brief description is given of the mode of operation of the Goldschmidt 
alternator, and of the various means of producing undamped waves. The 
chief lines of progress have been the substitution of undamped for damped 
wave transmission, the use of automatic transmitters, the use of amplifiers 
enabling reception to be effected with frame aerials, improvements in anti- 
atmospheric devices, automatic reception, and the use of frame aerials for 
duplex working. A brief account is also given of Levy's anti-atmospheric 


May, 1920. AssTRAcTs OF ARTICLES AND PATENTS 409 


arrangement using a double heterodyne—the first to 10,000 ~ and the second 
to an audible note.* 


384. Naven AND Count Arco. (Elektrotechnische Zeitschrift, 40, 
p. 653, December, 1919.) 

The high-power station at Nauen is being rebuilt and fitted with new 
equipment. The history of Nauen is described in a special number of the 
Telefunken Zeitung issued in honour of Count Arco’s fiftieth birthday. The 
articles deal with the various branches of the wireless plant, including duplex 
working. 

385. Some Foreicn Apparatus. Е. M. Gill. (Radio Amateur 
News, 1, p. 282, December, 1919.) 

Circuit diagrams are given of the various French amplifier, wireless tele- 
gtaph and telephone, and aeroplane sets also of a French spark transmitter 
for trench use and the French wavemeters which were supplied to the U.S. 
Signal Corps. 


386. Transmitrers. H. Thuret and L. Louvel. (French Patent 
497299, March 19th, 1919. Published December znd, 
1919.) 

The aoe described in this specification consists of an automatic 
keyboard sender which may be used in sending Morse or other signals in 
wireless telegraphy. For each key a rotating shaft, whose speed may be 
regulated, is disposed transversely to and above the keys. A disc of insu- 
lating material is loosely mounted on the shaft and carries conducting 
segments. ‘Two conducting members arranged to bear against the disc are 
connected to the transmitting circuit and means are provided to connect 
each disc automatically to the shaft by depressing its controlling key, 
whereby the said disc rotates and signals are produced. 


387. New Rapio Dynamic CowTRorLING System. W. R. 
Coventry. (Radio Amateur News, 1, p. 293, December, 
1919.) | 
Two synchronously rotating contact drums are used and the contacts аге 
controlled by signals sent at the appropriate instant. 


388. Osc1LLAToRY Mercury “ MAKE AND Break” APPARATUS 
FOR WirELESS TELEGRAPHY. М. Compare. (British 
Patent 134297, October 29th, 1918. Patent accepted, 
October 29th, 1919.) 

The relay described is for use in wireless control systems and is arranged 
to be responsive only to impulses of a particular frequency. It consists of a 
vertical column of mercury or other liquid partly filling a tube having a sealed 
upper end with a magnetic float on the surface of the mercury. This float is 


Ж See also Rapio Review Abstracts Nos. 190 and 191. 
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under the influence of a solenoid which encloses the tube and through which 
the received currents are passed. The lower end of the tube dips into a con- 
taining vessel in which two contacts are mounted above the surface of the 
mercury. When impulses of the correct frequency are passed through the 
solenoid winding an oscillation is set up in the mercury column which increases 
in amplitude until the contacts are closed. 


389. Rapiro Рковікмв ік Aviation. Е. R. Doyle. (Electrical 
Experimenter, 7, p. 543, October, 1919.) 
The problems considered are: (1) Directional control of transmitted 


signals ; (2) wavelength adjustment of incoming and outgoing signals ; and 
(3) transmitting ranges and sensitivity of receiving apparatus. 


200. On THE Form or THE Твлпикс Аввталт. H. C. Plummer. 
(Philosophical Magazine, 38, pp. 732—736, December, 
1919.) 

A mathematical treatment of the form taken up by a wire aerial hung 
from an aeroplane in flight. 

391. ELECTRIC SWITCHES SPECIALLY SUITABLE FOR USE IN 
WIRELESS S1GNALLING. М. D. Scott and Р. P. Eckersley. 
(British Patent 134590, October 26th, 1919. Patent 
accepted, November 13th, 1919.) 

This relates to electromagnetic switches specially suitable for use on air- 
craft for changing over from wireless reception to transmission and vice versa. 
The switch is particularly adapted for use with thermionic valve transmitters, 
and is arranged to dim the filaments of the transmitting valves when the 
receiver is connected to the aerial. The generation of oscillations by the trans- 
mitting valves is thus stopped during reception. By this means the complete 
change over from transmission to reception can be effected witha small local 
switch or push button. 


392. A METHOD or DEMONSTRATING THE Epison Errect. (Annales 
des Postes, Télégraphes et Téléphones, 8, p. 551, September, 
1919.) 
A telephone joined between the earth and a band of tinfoil wrapped round 
an ordinary electric lamp indicates the passage of a current due to the Edison 
effect. This current passes through the warm glass. 


393. WinELESS Raitway Sicnats. (Electrical Review, 85, p. 721, 
December, 1919.) 
Brief mention of an apparatus operated by radio to give a warning in the 
engine cab when a train passes a danger signal. 
394. WIRELESS STATIONS А8 COMPETITORS WITH Line TELE- 
GRAPHY AND TELEPHONY. Е. Nesper. (Jabrbucb der 
Drahtlosen Telegraphie, 15, рр. 69—72, January, 1920.) 


An article drawing attention to the advantages of wireless telegraphy and 
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the possibility of relieving the present congestion and cheapening com- 
munication. 


395. WinELEss Press SERvicE. Communicated by the Gesell- . 
schaft für Drahtlosen Telegraphie (Jahrbuch der Draht- 
losen Telegraphie, 15, рр. 72—76, January, 1920.) 
A plea to the German authorities for the establishment of a system of 
distribution of news from wireless stations. 


2. Books. 


La THÉORIE ЕГ ІА PRATIQUE реЗ RapiocoMMUNICATIONS, 
Vol. т. Inrropuction А 12Еторв pes RADIOCOMMUNICA- 
TIONS. By Léon Bouthillon, (Paris: Librairie Delagrave 
Рр. іх. + 193. Price 20 fr. paper covers; cloth, 25 fr.) 

This volume is the first of a series of eight dealing with the whole subject 
of radiotelegraphy, both in its theoretical and its practical aspects. The 
author states in his preface that he has come to the conclusion that it is 
more satisfactory to publish such a work in a series of volumes, each dealing 
with one particular branch of the subject, than to attempt to include 
everything in a single volume, unwieldy in size and prohibitive in price. 

He also expresses a doubt whether such a book is needed when there are 
already so many in existence; but this volume seems to show that there 
should be a place for his work which is not quite filled by any author. During 
the war, owing to the necessities of the case, the practical side of radio- 
telegraphy made enormous advances; but these advances were hardly 
paralleled on the theoretical side, and the urgent need of the moment is a 
consideration of the more abstract side of the subject, in order to obtain 
the full value of the practical results already obtained. А 

For the ordinary operator or erecting engineer, the mathematical side 
of the subject is not of such great importance, and for men of this type 
there are many small handbooks in existence suitable to their particular 
needs ; but it is absolutely indispensable for any worker who wishes to deal 
with fundamentals. In many books on radiotelegraphy there is a tendency 
to sacrifice either the theoretical or the practical side, generally the theoretical, 
as this is the side which appeals to fewer readers. Hence anybody who 
wishes to study first principles is usually obliged to refer to original papers 
dealing with the mathematics of the subject, or to a condensed edition of . 
them. 

In such editions, not only in books on this subject but in many others, 
portions of a mathematical discussion are frequently left out, and this 
renders it very difficult for the argument to be followed. “ Hence it follows 
may be made to cover several pages of close mathematical reasoning, and 
one is at times driven to the conclusion that such cuts have been made with 
greater vigour than discrimination. Even ordinary papers require editing 
in view of the special requirements of their subject which may not have 
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appeared of immediate importance to the author at the time he wrote his 
work. For instance, Maxwell knew nothing of, and had no direct interest 
in radio communications. He was entirely concerned in the development 
of his theory of electrical actions in material space. Consequently, when his 
work is applied to radio communications, the relative order of importance 
of his results may differ considerably from that in which he placed them 
himself. Such editing has been particularly well carried out in this work; 
the mathematical reasoning, without being prolix, is presented in a form 
which makes the argument very easy to follow, and gives the definite 
impression that the author is fully at home with the mathematics of his 
subject. 

He himself would probably be the last to claim originality for most of the 
work in this volume. He has taken the results of the classical researches 
on the subject, and has arranged and prepared them to form a continuous 
whole leading directly to the results he has in view. This particular volume, 
of course, demands of its readers considerable familiarity with the mechanical 
processes involved in the handling of differential equations, and immediate 
recognition of the standard forms of equations dealing with wave-motion, 
and the physical interpretation of the symbols that occur. This amount 
of mathematical skill is unfortunately very infrequent among radio engineers 
in this country and the subject suffers considerably therefrom. Experimental 
work of the “ hit and miss " type is far too common, and the idea of basing 
it on a mathematical foundation is looked on as impracticable by many 
experimenters. 

The first chapter deals almost entirely with Maxwell's equations and their 
derivatives, special attention being given to the case in which the electro- 
magnetic field is symmetrical about one axis, 1.2., a field of revolution; and 
to the case in which the frequencies involved are of the order used in radio 
work. In particular, a full discussion is given of vector potential. This 
is probably one of the most difficult points in the mathematics of the subject. 
From the purely mathematical standpoint, the vector potential appears as 
an abstract arbitrary function, whose chief purpose is to effect a symbolic 
reduction of the equations to a more workable form. It is thus. primarily 
defined by a mathematical substitution in the original equations, but the 
conditions it has to satisfy for this purpose do not define it uniquely, and 
so there is one other independent condition available. By postulating this ' 
condition differently, Maxwell, Hertz and Lorenz have each arrived at a 
different function to suit the particular case they had under consideration. 
Poynting’s theorem and the problem of the diffusion of electromagnetic 
effects into a conductor are also briefly discussed. 

The second chapter occupies most of the book. The first part of it deals 
with the form taken by Maxwell’s equations for a perfect dielectric, and is, 
therefore, of primary importance in radiotelegraphy. Throughout the 
chapter only two cases are considered in detail, first the field of revolution, 
in'order to deal with the radiation from a source on the axis, and the 
effects in its immediate neighbourhood ; and secondly the case of a plane 
wave front, which is the condition that holds for reception at a considerable 
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distance from the source. The method of Hertz for obtaining the graphs 
of the lines of force radiating from an undamped oscillator at various phase 
times is given in detail with a great many diagrams, and there are also full 
references to the works of Professor Karl Pearson and Miss Lee, and also to 
that of A. E. H. Love dealing with damped oscillations. 

In the latter part of the chapter the problems of transmission and reception 
from both closed and open aerials are discussed. The special object in the 
case of transmission is to obtain an expression for the power radiated under 
given conditions, and the efficiency of such radiation ; and in the case of 
reception to determine the power absorbed from the dielectric by the receiving 
system and its efficiency. The results are given in two tables, which give 
these efficiencies both for the general case and also for cases in which special 
relations exist between the various constants of the aerial. The results for 
reception are based on the assumption that the atmosphere is a perfect 
dielectric; and a table is given showing for different wavelengths the power 
which must be radiated to give a power of four microwatts in the receiver. 
Of course, on this assumption, no account is taken of the actual conditions 
which arise in practice, such as reflection from an ionised upper layer of the 
atmosphere or losses due to the resistance of the surface of the earth. Hence 
the results are very different from actual results which would be obtained 
in practice. For example, the table shows that with a radiated power of 
16 kw. at a wavelength of 2,000 metres, the power mentioned above, 4 Х 1076 
watts can be received at a distance of 15,040 km. Experience, especially 
with continuous waves, tends to show that these distances are excessive 
and also that it is probable that the power received is not proportional to 
the inverse square of the distance, as is assumed in these calculations, so that 
care should be used in applying them to a practical case. 

The third chapter discusses the mathematics of radiation over a plane 
perfectly-conducting surface; the ideal case of transmission over the surface 
of the earth. А few special cases of simple aerial forms are discussed; but 
as the author himself says this is approaching the practical side of the 
question, and so a full discussion of it is left to a later volume. This is the 
only weak point of the system by which a different volume is allotted to each 
branch of the subject, namely, that it is difficult to draw a sharp line of 
distinction between the theoretical and the practical side of the problem. 
This disadvantage is, however, far outweighed by the advantages of the 
system. 

A comparative table is given of the reception of the same signal by open 
aerials and closed coils of various dimensions, showing the range and the 
efficiency obtained in each case. These are, of course, open to the same 
objections as the table referred to above, namely that these figures would 
probably not be substantiated in actual working, although the relative 
values may be correct. 

In the fourth chapter the results of the rest of the volume are summarised 
and at the end of each chapter a bibliography is given of the references to the 
original papers from which the results have been taken. 

: J. Ношлистовтн. 


- 
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Mesures Рвлтіоовв EN КАЮІОАСТІУІТЕ. W. Makower and 
H. Geiger. Translated from the English by E. Philippi. 
(Paris: Gauthier-Villars et Cie. 1919. Pp. vii. + 181. 
Price 12 fr.) 

We welcome the translation of Makower and Geiger's “ Practical Measure- 
ments in Radioactivity ” as an earnest of the resumption of Anglo-French 
publishing relations, rudely arrested by the war. Doubtless owing to the 
difficulties of the times, the translation bears no marks of any attempt to 
incorporate the results of work published subsequent to 1912—the date the 
book first appeared in this country. | 

Radioactivity, as a subject, has now been added to the syllabus of instruc- 
tion of most of the physical laboratories in this country—certainly in the 
case of students contemplating a medical career. The authors of the present 
volume can fairly claim a large share of the credit for bringing this about. 
They clearly demonstrate that a laboratory course in radioactivity requires 
only simple and inexpensive apparatus. With the assistance of many 
excellent diagrams they set out the main points which are likely to worry 
the novice or for the matter of that the more knowledgeable student. Here 
and there the treatment is perhaps meagre, and now and again unexpectedly 
complete, probably owing to the fact that the authors have not been able to 
fall back on the crop of graded text-books common to other branches of 
physics. 

The French edition follows precisely the English one in its sequence of 
chapters dealing in logical order with electrometers and electroscopes (string- 
electrometers should receive better treatment), the alpha, beta and gamma 
rays of radium, methods of measuring ionisation as the basis of standard 
measurements, etc. 

We notice a small slip on p. 101 where in equation 39, P should read Q. 
The book concludes with some useful tables of constants and an index which 
leaves a good deal of room for improvement. The translator appears to have 
done his work well. 

We know of no other work which seeks to impart the technique of radio- 
activity to the student. The book may fairly be recommended to the reader 
who wishes to know some of the details of the methods employed in a subject 


which has profoundly affected the fundamentals of physics. 
С. W. C. Kaye. 


Books Received. 


Leçons ок PuvsrouE GÉNÉRALE. By J. Chappuis and A. Berget. Vol. П. Еткствісітү 
AND Macnetism. Revised by J. Chappuis and M. Lamotte. (Paris: Gauthier Villars et Cte. 
Third Edition. 1920. Pp. 623. Price 45 fr.) 

Manuat or RaprorELEGRAPHYy. By Captain S. Robison, U.S.N. Revised by Captain 
D. W. Todd and Commander S. C. Hooper. (Annapolis, U.S.A. : The United States Naval 
Institute. London: S. Rentell & Co. Fifth Edition. 1919. Pp. 307. Price ros. net.) 

TELEPHONIC TRANSMISSION, Theoretical and Applied. By J. G. Hill. (London: Long- 
mans, Green © Co. 1920. Pp. xvi-- 398. Price 215. net.) 


May, 1920. CORRESPONDENCE 415 


ANNUAIRE POUR L’AN 1920. Ву Le Bureau des Longitudes. (Paris: Gauthier Villars et 
Cie. 1920. Pp. viii + 708 + A. 27 + B. 64 + C. 70. Price 4 fr. 5o net.) 

This Annual contains in addition to extensive astronomical information, physical and 
chemical particulars arranged mostly in tabular form for reference purposes, as well as a num- 
ber of electrical constants, etc. An appendix contains an article by C. Lallemand setting out 
full particulars of the new metric system units legalised in France. 

LA TELEFONIA SENZA FILO. By Umberto Bianchi (Milan: Ulrico Hoepli. 1920. 
Pp. viii + 296. Price L. 10.) 

REPORT OF THE CHIEF SIGNAL OFFICER (General С. O. Squier) ro THE SECRETARY OF Wan, 
U.S.A., 1919. (Washington : Government Printing Office. 1919. Pp. 547.) 

Rapio ENGINEERING Principres. Ву H. Lauer, B.S., and H. L. Brown, B.E.E. (New 
York: McGraw-Hill Book Co., Inc. London: НШІ Publishing Co., Ltd. 1920. Pp. xv + 
300. Price 215. net.) 

Tur “ Practica, ENGINEER" ErEcrRICAL Pocket Book Ако Diary, 1920. (London: 
The Technical Publishing Co., Lid. Pp. clxiv + 592 + 56 (Diary). Price 1s. 6d. net ; best 
cloth binding, 2s. net.) 


Correspondence. 
WIRELESS DIRECTION FINDING. | 


То THE Epiror or THE “ Rapiro REVIEW.” 


Sir,—In No. 5 and 6 of the Каро Review Captain Robinson describes 
a maximum method of direction finding with crossed coils. 

Methods of direction finding using crossed coils were experimented with 
and developed at the National Physical Laboratory in the winter of 1914, 
and it may be of interest to describe two of these methods. In one method 
two direction finder coils A and B are wound at right angles to each other 


and are capable of being rotated together about a vertical axis. The coils 
are similar and are used independently, each in turn. being placed in circuit 
with the tuning condenser C by means of the switch S. If the coils A and B 
are exactly at 45° to the direction of the incoming signals the intensities of 
the received signals will be equal. | 

If the coil А be at an angle 45° + 40 to the incoming signals then the ratio 
of the E.M.F.’s in the two coils is equal to 1— 2 sin 40, and the ratio of the 
difference of E.M.F. to the mean E.M.F. is 2sind@. This ratio is identical 
with that obtained with Captain Robinson’s system if he uses two similar 
coils. 

It may be urged that this 45° system is nevertheless at a disadvantage, 
for apparently the maximum intensity of the received signals is less. In 


416 THE RADIO REVIEW Vor. 1. 


practice, however, this is not the case. In Captain Robinson’s method the 
two coils are in series; in the 45° method each coil is used independently, 
and for the same values of the capacity and diameter of coils the inductances 
must be the same. That is, there will be approximately 4/2 times as many 


turns on each of the coils À and B as on a Robinson coil, with a corresponding 
increase in the E.M.F. However, in the one case a coil is at 45? to the direc- 
tion of the incoming signals and in the other case at 0? which results in the 


E.M.F.’s for similar coils being in the proportion 1: 2. Allowing for the 
difference of turns the final result is therefore that the E.M.F.’s are equal. 
The effective resistance of the circuit of an A or B coil will however be less 
than for the Robinson coils which is a slight advantage. 

Obviously it is not possible with this method as it 1s with Captain Robin- 
son's to vary the diameter of one of the coils and so obtain a greater ratio 
of the difference of E.M.F. to the mean E.M.F. In practice, however, it 
must be possible to rotate the coil systems and hence whatever the size may 
be of Captain Robinson's auxiliary coil it is possible for each of the coils 
A and B to be of equal diameter. It follows therefore that with the auxiliary 
coil system it is not possible to obtain a greater difference of E. M.F. for a 
small variation d from the desired position but it is possible to add this 
difference to a smaller E.M.F. than in the method of 45°. Two questions 
immediately arise :—(1) What is the smallest change of intensity which the 
ear can detect ? and (2) Is the ear more or less sensitive to a change of inten- 
sity when the change is superposed on another note of the same frequency ? 
In general I believe the ear is more sensitive when there is no added note. 
Assuming this to be so, the most sensitive coil system is that of a single coil 
and the writer has obtained some remarkably consistent results when the 
signals were of sufficient intensity to necessitate an angular movement of a 
few degrees only. One disadvantage lies in the necessity to rotate the coil 
to compare the two notes, and it was with a view to overcoming this diffi- 
culty that the second method of crossed coils, now to be described, was 
devised. In practice the system is not equivalent to that of a single coil but 
in sensitiveness it appears to be equivalent to the Robinson method with a 
main and an auxiliary coil. If arrangements are made to alter the angle 
between the coils it appears to be equivalent to the Robinson system plus 
the advantage which would result if the main coil of the latter could be 
arranged to have its “ area-turns ” varied without altering the inductance. 

The two coils are equal and similar as before but instead of being crossed 
at 90? the angle between the coils is smaller, for example 20°. Observations 
can be made with the system when its mean plane (each coil being 10? from 
the plane} is (4) at right angles to the direction of the incoming signals 
and (2) in the direction of the signals. A switch similar to that employed in 
the previous method may be used to compare the intensities. 

In the case where the angle is 20°, and the displacement from the correct 
minimum position is 40 the ratio of the E.M.F.’s in the two coils is equal to 
1 — 11-4 sin 40, and the ratio of the difference of E.M.F. to the mean E.M.F. 
is 2 tan80?. sin d0 = 114 sind@. Тһе latter ratio depends on the angle 
between the coils and may be varied to suit special cases. 


x 
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With such a crossed coils system the intensity of the incoming waves may 
not be sufficiently great for the latter to be detectable when the plane of a 
coil is 80° from the maximum position and in such a case the method would 
fail. It may be pointed out, however, that for similar signals and for a 
similar ratio of difference of E.M.F. to mean E.M.F. the Robinson system 
of small main coil and auxiliary coil would also fail. To obtain the ratio 
of 11-4 sin 90 the ratio of the area turns of the auxiliary coil to those of the 
main coil would have to be 5-7 (this is b/a = k in Captain Robinson's nota- 
tion) and since the area turns of each of the 80° coils can be equal to the area 
turns of the auxiliary coil it follows that the E.M.F. produced in such a coil 
80° from the maximum position is 5-7 cos 80° (= 1) times that of Captain 
Robinson’s main coil in the maximum position. That is, the E.M.F.’s are 
equal and if one system fails to pick up signals the other will also. The 
obvious remedy is to use the auxiliary coil as the main coil and work in the 
maximum position. This of course sacrifices sensitiveness. Similarly with 
such a system as I have termed an 80? system ; when the mean plane is near 
the “ maximum " position the displacement being 40, the ratio of the 
E.M.F.s in the two coils will be equal їо 1— 0-35 sin 40 and the ratio of 
the difference of E. M.F. to the mean E.M.F. is 2 tan 10? sin 40 = 0:35 sin 40. 

It will I hope be clear that in designing any D.F. coil system the all- 
important question is that of the intensity of the received signals. The 
80? system as I have called it was experimented with but little, but I did 
observe some slight interaction between the coils. This interaction did not 
influence the accuracy of the results but there was evidence of a small 
reduction in the intensity. For general work I am inclined to prefer two 
equal coils crossed at right angles used either independently or as a Robinson 
maximum system. In aircraft work it is essential to have considerable 
intensity, and the minimum method using a single coil, is therefore disadvan- 
tageous. I would like to point out that the disadvantages of a single coil 
were brought to my notice by an officer of the R.N.A.S. (there was no R.A.F. 
then) in 1916. At this time what I believe to be the first D.F. coil ever 
taken in the air in this country was being made at the National Physical 
Laboratory and I proceeded at once to devise “intensity and difference ” 
methods instead of minimum intensity methods. These methods I am now 
at liberty to describe and I hope they will be of some interest to your readers. 


Е. E. SMITH. 
The National Physical Laboratory, 
Teddington, Middlesex, 
March 11th, 1920. 


TRIODE NOMENCLATURE AND SYMBOLS. 
To tHE Егітов or THE “ Rapiro Review." 


S18,— With reference to Mr. L. B. Turner’s letter in your last number, I 
am very glad to see that the question of symbols and nomenclature for use 
with thermionic valves and the associated circuits is being discussed. 

кк 
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The k, ka б, and k, of my paper were chosen provisionally in 1915, after 
careful consideration of other possibilities. The letter g being in very 
general use for conductance was naturally the first suggestion. But there 
were certain objections to this choice. In the first place the slopes of the 
characteristics are not exactly conductances. Again, there are in the 
associated circuits true conductances, for which the g is required in its 
usual sense. 

With regard to the use of k, this was to some extent justified by the fact 
that the slopes of the characteristics are constants in most problems. The 
values are only altered by alterations of the batteries or controlling resis- 
tances. They are not affected by the functioning of the valve itself. 

For each of these reasons therefore the choice of the letter k seemed 
to be justified. 

The question of distinguishing subscript numbers or letters then arose. 
If letters were to be used it would have meant that two subscript letters 
would have been required if they were to have indicated the particular slopes 
referred to. Consequently the numbers 1, 2, 3, and 4 were chosen and applied 
to the slopes in the order of their respective importance. 

This notation has proved quite satisfactory in practice. 

Theletter & without subscript could be used for the slope of the “ lumped 
characteristic," if this is required. 

For the voltage ratio of the tube, 7.¢., the ratio k,/k, in my notation, the 
letter m was chosen at the same time as the Ё, etc. There is some risk 
of confusion here with m or M for mutual inductance and an alterna- 
tive is desirable. Dr. Eccles’ g is not good, as confusion with con- 
ductance is likely. Mr. Turner’s v is very inconvenient to write and a 
change from т to ш might meet the case as confusion with per- 
meability is scarcely possible. 

With regard to Mr. Turner's proposals for names for the slopes, these seem 
to be quite sound and might well be generally adopted. 

Dr. Eccles has recently introduced the term “lumped characteristic,” 
used above. Cannot this name be improved upon? Why not simply 
с the characteristic ” or the “ total characteristic.” Or again, would it be a 
misplaced compliment to call it the “ Langmuir characteristic " ? 

C. L. Fortescue. 

Royal Naval College, 

Greenwich. 


March 17th, 1920. 


* TEXT-BOOK ON WIRELESS TELEGRAPHY.” 


To тне EDITOR or THE “ Rapio Review.” 


бік,-А very fair review of my “ Text-Book on Wireless Telegraphy,” 
Vol. IL, by Dr. Whiddington appeared in your February issue, and I have 
never before replied to criticism. Dr. Whiddington, however, takes me to 
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task for giving so much credit to the French military service and so little to 
the work carried on under the auspices of the British services; perhaps 
you will therefore afford me a little space to explain my attitude. 

I was intimately connected with the British Army wireless service for 
four and a half years and my experience was that our home establishments 
produced very little of an original nature. For example, right up to the end 
of the war, the French valve was our favourite at the front, and for all 
round adaptability nothing better than it was produced by our home depart- 
ment. Apart from the excellent range of valves introduced by the Marconi 
Co. we must admit that the French service deserves most of the credit for 
valve work, and it may be noted that even the Germans copied the French 
arrangement of hard valve in 1918. The valves brought over by the American 
army service were excellent in robustness of design and in characteristic. 

In oscillation amplifiers we in France were acquainted with no design 
except those of the French service and of the Marconi Co.; if the British 
establishments discovered any improvements in such apparatus they cer- 
tainly did not produce anything which could be of service in the field. 

In L.F. amplifiers I think the patent records show that most of the honours 
should go to Latour and the French wireless service. We were using French 
amplifiers in February, 1916, and for almost two years the home establish- 
ment produced amplifiers which were not so flexible as the French ones, 
and of which the design was more applicable for dressing jewellers’ windows 
than for use in the trenches. It was not until 1918 when the influence of 
German portable designs had at last penetrated that we obtained amplifiers 
from home of really serviceable construction. 

Of C.W. Sets the less said the better; we in France started clamouring 
for serviceable Sets in 1916 but it was 1918 before we got a field pattern in 
which there was nothing original, and in which there was much faulty design. 

The only evolutions of real importance and utility from our home establish- 
ment were the excellent C.W. Set designed by Mons. Matthieu, a Belgian, 
and the Loop Set of Captain L. B. Turner; had the war been further pro- 
longed I believe also that Captain Turner’s Wireless Telephone Trench Set 
would have been most useful. 

I could not describe Mons. Matthieu’s C.W. Set nor Captain Turner’s 
Loop Set in my text-book because they are standard sets in the Army at 
present. 

Dr. Whiddington says that “no one relying entirely on the text-book 
for information would for a moment suspect that any research or design had 
been carried out by the British Government along lines parallel to the 
French.” If that is so I have been happily successful in my intention, for 
the difficulty of getting any serviceable design out of our home establishments 
was heart-breaking to every responsible wireless officer in the field. Far 
from being on parallel lines the productions of our home establishments 
were very much behind those of the French service, both in originality and 
in date. 

As regards the Navy my information was that Dr. de Forest’s circuits were 
largely employed; it was impossible to publish details of the Air Service 
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apparatus, and in any case I have not dealt with air radio-practice in the 
text-book. 

I was not aware that the Fullerphone had revolutionised earth signalling ; 
the Fullerphone was employed in the field as an alternative method of 
line signalling. Dr. Whiddington thinks that in connection with L.F. 
amplifiers my use-of the terms “ amplifier ” and “ relay ” may lead to some 
confusion; I can only say that I have taught some hundreds of operators 
and found it necessary to call on their previous knowledge of * relay " 
action in order to get them to really understand the simple theory of 
amplification. 

RUPERT STANLEY. 

Municipal Technical Institute, 

Belfast. 
March 15th, 1920. 


The above letter bas been submitted to Professor W biddington, who bas replied 
as follows :— 


To тне EDITOR oF THE “ Rapio REVIEW.” 


Sig,—In a letter to the Каро Review criticising my review of his book 
Mr. Stanley conveys an impression which I feel bound to correct. 

Far from taking him “to task for giving so much credit to the French 
military service," I actually commended him most warmly for so doing. 
I also took the opportunity of recording my own deep appreciation of the 
great work done by the excellent scientific staff of the French military 
service. 

What I did call attention to was the fact that Mr. Stanley had omitted 
all reference to British official design—an omission which I stated detracted 
from the value of his book. 

It is interesting in this connection to learn from Mr. Stanley’s letter 
that (leaving out of account the Navy and Air Force) there were in his 
opinion two sets designed in the Army establishment which were definitely 
useful and a third which might have been; if the war had lasted ! 

R. WHIDDINGTON. 

The University, Leeds, 

March 29th, 1920. 


. (We regret that owing to pressure on our space some correspondence has 
been unavoidably held over to the next issue. —Ep.) 
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Page 318, footnote. The expression for а should read: a = ст: 
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Refraction of Electric Waves.” 
By T. І. ECKERSLEY, B.Sc. 


It is well known to wireless engineers that it is more difficult to transmit 
wireless waves over land than over sea. Professor Zenneck and Professor 
Sommerfeld have explained fairly adequately how the absorption is produced 
and have shown theoretically how the conductivity and specific inductive 
capacity of the ground modify the values of the absorption coefficient. 
But it is not so generally known that the nature of the ground over which 
the waves travel determines the velocity of the waves. 

The reduction in velocity is not a large quantity, but it is sufficient 

to have a marked influence 

о in determining the direction 

of a ray which passes, for in- 

stance, over the boundary be- 
tween sea and land. + 


THEORY. 


Suppose a wave travels from 
sea to shore in the direction of 
the arrow in Fig. 1, then at a 
few wavelengths inland, where 
the wave front has had time to 
settle down, the velocity of 
the waves will be the same in 

во? all directions (as the land is 
Fic. 1. assumed to be more or less 


* Paper received February 21st, 1920. 

1 ГЕ. A. Fessenden, in describing in The Electrician of December 19th, 1919 (see КлотФ 
Review Abstract No. 431) the various causes of the discrepancies which were found in 
directional tests carried out in the United States during 1901—1906, says that “‘ over water 
and parallel to a coast line, such as that between Cape Henry and Cape Hatteras, the error in 
direction was found to be due to the great difference between the resistance of the water and 
that of the sandy beach, causing the electromagnetic waves to bend in.” —Tue Eprron. R.R.] 

LI 
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isotropic), and it is possible to apply Huygen’s principle, and therefore to 
infer that if V, is the velocity of the wave over land and V, the velocity of the 
wave over sea— 

sn? Vy 

sinr V, F | 
where t is the angle of incidence, i.¢., the angle that the ray makes with the 
normal to the coast line, and 7 is the angle of refraction. 

If the ratio V;/V, is nearly unity, that is % is nearly equal to r then if 8 

is the error in bearing and 0 + 90° 15 the true bearing, it is easy to show that— 


0—1 
6% = 2m tan 0 
The curve (Fig. 2) shows diagrammatically some results obtained from a 
direction-finding station in Cyprus. The station was situated within a mile 


LAND SEA 


ERRORS iN DEGREES 


DF STATION | 


Tan 8 


Ес. 2. 


of the coast which ran nearly due north and south in the neighbourhood. 
The ordinates represent the errors in bearing of certain known stations plotted 
against the value of tan 0 where 0 is the true bearing — 90°.* 

It will be seen that except for one observation the points lie very closely 
along a straight line. The error for 0 = 0, which is nearly 1°, agrees with 
the station error (determined fairly accurately with a theodolite). 


* The bearings are reckoned in a clockwise direction from due north. 


% 
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The observations, it will be seen, confirm in a remarkable manner the 
theory, the agreement in all cases except one being within one-tenth of a 
degree. The points actually plotted were obtained from the mean day bearings 
taken over a period of five months (March to July, 1918), the number of 
bearings per month being, on an average, about twenty to fifty. 

The true bearings were calculated from the known latitudes and longitudes 
of the transmitting and receiving stations. 

The wavelength of the stations varied between 800 and 1,100 metres, 
and strictly speaking the results should only be compared for the same wave- 
length, for it will be shown later that the amount of refraction varies with the 
wavelength being almost negligible with wavelengths over 2,000 metres. 

The ratio of the velocity of the wave over sea to that over land calculated 
from the slope of the straight line just given is 1:020, thus the velocity over 
sea in this case is only 2 per cent. greater than the velocity over land. 

We can get an expression for the ratio of these velocities in terms of the 
constants of the soil and sea water respectively from Zenneck's analysis of 
the transmission of waves over land. 

The expression for the ratio of the velocities p can be shown to be 


i ES; MEINES 
Bo (Мо pr T k)? я 
where p = 2т X frequency, tan $,— ph, tan фа = patt 
4mk, = specific inductive capacity of ground, ; 
4mk = specific inductive capacity of air. 
бі = conductivity of ground (electrostatic units). 


If p is small enough, t.e., if the wavelength is so long that p*(k + Kj)? is small 
compared with o, then | : 


L (Veg eos (8-259) = cos (5 2%) 


but in this case ф, and ф, are both very small and hence я = land there is 


no refraction. 
As an illustration we may consider the following cases :— 


(1) Take А = 3,000, 47k, = 1, 47k, = 2 
су = 9 x 105 (a reasonable value for dry sand). 


Then 2^ — 0:11, p (k + ky) — 0:165. 
vi el 


p= 1:004 
and the bending will be practically negligible. 
(2) Take A — 1,000, the other constants remaining the same, 


then p= 2r x 3 x 105 о =9 x 105, ва = 0-333, pO E) — 0-50. 
1 1 
^p = 1-067. 
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This is a rather larger value than is actually found, 2.., 1-02, but a larger 
value of а is probable on the Cyprus coast than 9 x 105 which is a probable 
value for the more resistive dry sand of the Sinai Peninsula. 

Another set of observations on this refraction is illustrated in Fig. 3, which 
is a map of the Egyptian and Palestine coast line. 

The bent lines represent the probable directions of the rays of electro- 
magnetic waves from the various known stations in the Palestine area, to the 
direction-finding receiving station near Cairo. 

It will be seen that the observed bearing is in nearly every case too small 
by amounts which are nearly as much as 4° in some cases. These systematic 
errors in bearings were noticed some while before the explanation was arrived 
at, and there is therefore no hint of a forced agreement. 

The observed bearings were in practically every case the mean of a very 
large number of observations extending over several months. 

A graphical method of trial and error was employed in finding the path of 
the rays. A value for и the ratio of the velocity over sea to the velocity 
over land was chosen, and then, starting from the known mean bearing of a 
given station, it was possible to map out the path of the ray. Ifthe ray passed 
to one or other side of the place at which the station was known to be situated 
the value of д was corrected to give a closer approximation. 

In this manner a mean value of p = 1-05 was determined. 

This value is considerably greater than that determined from the Cyprus 
bearings, i.e., 1:02, but this is a result to be expected as the desert sand of 
Egypt and Sinai has a much higher specific resistance than the soil of Cyprus. 

The rays all pass very close to the known positions of the stations. 

It must be remembered that the same value of ш is used for all the rays, 
and that this quantity has not been adjusted in each case to make the ray 
pass through the station. The results therefore indicate a fairly close 
agreement with theory. 

Unfortunately practically all the rays cross the coast line of the Sinai 
Peninsula at Lake Bardowal ; the coast line of this lake is so irregular, and 
so cut up with pools and swamps, that it is very difficult to determine the 
exact mean coast line where the ray crosses it. A fairly reliable estimate 
has been made with the help of 1/40,000 map of the district, but naturally it 
is difficult to avoid choosing the coast line so as to give good results. 

The curve (Fig. 4) gives the errors at various stations, arranged in order 
of their bearings. 

The most striking feature of this is that the mean error on the station at 
Tul Keram is zero, while the errors on the rest of the stations in this neigh- 
bourhood are about 4°. 

This is not an accidental error or effect, for it is reproduced month after 
month, the probable error deduced from the discordances being less than 4°. 

This anomaly can be readily explained if we examine the coast line. At 
the point where the great circle joining Tul Keram and Cairo crosses the coast 
at Lake Bardowal the coast line curves round so that it'is cut practically 
normally by this ray, and there is therefore no bending, and the ray pursues 
a straight path. The slightest change in the position of the transmitting 
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station shifts the direct ray to a point where it crosses the coast line at an 
acute angle, and distortion will again appear. 

Perhaps it is not wise to press this explanation too far, but itis difficult 
to find any other adequate explanation of what is otherwise a very striking 
anomaly. 

Another point of interest is in connection with the transmitting station at 
Amman. It will be noticed that the direct ray from Amman to Cairo (Figs. 3 
and 5) is tangential to the coast line, and since there is no crossing of the coast 
line this will be a possible ray. At the same time another ray bent at the 
coast line at C and D (Fig. 5) is also possible. The waves arriving by the 
two paths AM and ACDM will be out of phase and travelling in different 
directions and will, in general, produce a rotating field, and a bad minimum 
on the direction finder will ensue. This result was quite marked at the 
receiving station at Cairo, and was one of the cases in which there was a 
really bad minimum in the daytime. This theory was further confirmed in 
a striking way as follows :— | 

Two stations were erected at Cairo, about 500 yards apart, and the mean 
bearings of Amman from these stations were 59? and 54-5? respectively (the 
difference 4-5? is well outside the limits of the probable errors); the true 
bearing is 63°. The difference is explained when we observe that the differ- 
ence in optical length, :.7., in phase of the two rays, is very different at the 
two stations (in spite of their nearness), resulting in a large difference in the 
mean direction of the resultants, t.2., the bearings. 


WAVELENGTH. 


It was shown on page 423 that on this theory the amount of refraction 
should depend very greatly on the wavelength of the transmitted wave. 
This result is again confirmed by observation. The bearings of the big power 
station at Damascus are of interest in this connection. 
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These are all very consistent on a 2,600 metre wavelength, and average 
50-59, which is the true bearing of the station, so that there is no error in 
spite of the fact that other stations, on the same mean bearings working on 
wavelengths of 600 to 1,000 metres, have errors of 3? or 4°. This effect can- 
not be ascribed to peculiarities of the coast line which is quite definite at the 
point where the ray crosses it. 

The small station at Damascus working on A = 1,000 gives a mean bearing 
of 46°, although at the greatest there cannot be more than 1° difference in 
the direction of the two stations. 

These results show quite definitely that the long waves (A = 2,600) sent 
out by the big station are not refracted, while the short waves (A = 1,000) 
are bent at the coast; this is further confirmed by the fact that when the 
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big station started working on a wavelength of 1,200 bearings as low as 47° 
(sharp minimum) were obtained. 

This variation in the amount of distortion it will be remembered is in 
complete accord with the theory. 

Perhaps the most interesting example is one which shows that the Germans 
were behind us in this respect and were still unaware of this refraction. In 
the final advance in Palestine some records of the German bearings from a 
direction-finding station at Tul Keram were captured. The mean bearings 
on some of our known stations were calculated, and are tabulated on 
page 428. 

Bearings on Port Said and Alexandria are very nearly correct, it therefore 
appears probable that the D.F. station was set on these known stations, so 
that the error should be zero in these directions. The error on the other 
unknown stations was then — 6° or — 7°. If the station was set up in this 
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Mean observed bearing „| 246-75 | 257-5 197-8 155-5 


Number of bearings . А 33 21 82 15 
True bearing . А . | 246-5 251-5 204-5 161-5 
Error. Я Е : ; 0-25 0 --6:7 —6-0 


manner then the errors on the inland stations can be readily explained, 
Fig. б. Onaccount of the refraction, the apparent bearings of Port Said and 
Alexandria should have been 6° or 7° too great if the station had been oriented 
properly (due north and south) at the start. By setting on these known 
stations the Germans introduced an error in the station of — 6° or — 7° 
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which showed up at once on inland stations for which the rays are all the 
way over land, as is the case with the two stations cited. 

"lt therefore seems probable that there was very marked refraction at 
the coast line, and that the Germans were entirely unaware of it. 


SUMMARY. 


Direct observations are shown which go to prove that there is a systematic 
bending of rays which cross a coast line, and that this “ bending ” behaves as 
if it were due to a “ Refraction " on account of the different wave velocities 
over sea and over land. 

Further observations are cited confirming this point and agreeing in general 
with the theory of propagation of electric waves over land given by Zenneck, 
Hack, Sommerfeld and others. 
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A Form of Inductionless High Resistance.* 
Ву N. W. McLACHLAN, D.Sc.(Eng.), M.I.E.E. 


DESCRIPTION OF RESISTANCE. 


A solution of cadmium iodide in amyl alcohol has been used at the National 
Physical Laboratory as а form of high resistance for many уеагѕ Т As a 
general rule resistances of the order of 50 megohms or more have been 
utilised for direct current work. The specific resistance of the cadmium 
solution is so high that the inductive effect due to the geometrical configura- 
tion of the resistance is small enough to be neglected in resistances of the 
order of от to 0:3 megohm, these being the limits required in the tests for 
which the resistance was used. There might be an electrolytic variation 
with frequency, and experiments conducted to investigate this point are 
described below. The results of these experiments showed that the resistance 
was independent of the frequency up to 80,000 cycles per second, this being 
the highest frequency attained. 

The form of resistance adopted is illustrated in Fig. І. This design was 
chosen because of its compactness, but the tube can easily be modified and 
made straight if desired. This would, of course, be less inductive than the 
form shown. To avoid capacity effects, the cadmium electrodes should not 
be too near together. The specific resistance of the liquid varies with time, 
but the sample used in these tests had been in the laboratory for over ten 
years, and had probably attained a fairly constant value for any particular 
temperature. At 15? C. p was about 1-4 X 104 ohms per cm. cube, but it 
depended on the strength of the solution. 

The resistance shown in Fig. 1 is fixed in magnitude, but a variable resist- 
ance is merely a matter of design. One of the chief points is to prevent 
access of moisture, and evaporation of the liquid. A straight tube with a 
fixed electrode at the bottom and a movable one at the top could be adopted. 
The latter electrode would be adjusted by means of a glass tap with a 
groove, on which a thin cable suspending the electrode was wound. Or the 
electrode could be fixed and a glass rod lowered into the tube, thus varying 
the cross-sectional area of the liquid.] If there were no variation with 
time, the resistance could be read off by calibrating the tube, which could 
be immersed in a bath to preserve constant temperature. 


METHOD or MEASUREMENT. 


The method of measuring the resistance using alternating currents is an 
adaptation of the Wien bridge suggested by Mr. D. W. Dye. The bridge 
accomplishes in one stage what the present substitution method does in 
two stages. The reason for not using the bridge is its limitation to acoustic 
frequencies, unless modifications are introduced with regard to the detector. 
The resistance under examination is used аз a shunt to a condenser (see 


* Paper received in final form February 13th, 1920. 

T See N.P.L. Report for 1907. This particular solution was first used by Hittorf for 
high non-polarisable resistances. 

t See Е. W. Jordan, Rapio REVIEW І, p. 173, January, 1920. 
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Fig. 2), the latter forming part of a resonance circuit. This circuit is loosely 
coupled to a valve generator circuit, the current and frequency in which 
are kept constant during any one set of tests. The condenser in the former 
circuit is adjusted till resonance is obtained and the reading of the thermo- 
ammeter A is a maximum. The shunt resistance is then removed and a 
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.non-inductive resistance of small magnitude connected in series with the 
condenser (see Fig. 3), and adjusted until the reading of the thermo- 
ammeter at resonance is equal to that obtained in the previous experiment. 
If the high resistance has appreciable capacity, the condenser readings will 
be different іп the two cases, the new value C being given by О = C, + С. 
In these experiments the capacity С, was negligible. Using the symbols 
of Figs. 2 and 3, it can be shown, by considering the impedance of the 
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greater than unity. 
The resistance being independent of the frequency up to 80,000 cycles 
per second, as stated before, its value when used in conjunction with the 
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magneto (see below) was found by means of a megger. Since the solution is 
non-polarisable, a direct current generator can be used as a source of E.M.F. 
for the megger. Thus the actual value of the resistance сап be found to 
within 1 or Z per cent. immediately after it has been used. In this way 
allowance is made for any temperature rise which may occur. 


; Use or RESISTANCE. 

| The necessity for an inductionless high resistance arose in carrying out 
research work on magnetos. The function of the resistance, when con- 
rected from the Н.Т. secondary lead to earth, in parallel with some form of 
spark gap, is to cause a leakage simulating that of a sparking plug when used 
in an engine. In this case the insulating properties of the plug are impaired 
by sooty deposits and temperature elevation. When testing a magneto, the 
gap is fixed and the resistance adjusted until regular sparking ceases. The 
value of the resistance to effect this is a measure of the capability of the 
raagneto to withstand adverse plug conditions. This procedure is usually 
termed a “ utility test.” * 

CONDITIONS TO BE FULFILLED. 

A resistance for the above purpose must fulfil at least two conditions : 
(1) It must be inductionless up to frequencies of 20,000 cycles per second, 
because the magneto discharge is oscillatory; (2) It must have a large 
surface and volume to cope with the energy loss due to the passage of current 
from the magneto. This is important owing to the large temperature 
coefficient of the liquid. Although temperature variation can be dealt with 
as shown above, it is preferable to have as small a variation as possible. 


' # See A. P. Young and H. Warren, * The Process of Ignition.” Paper before Inst. 
А utomobile Engineers, February 4th, 1920. 
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Automatic Sending Device Installed in the 
Alipur Observatory, Calcutta, 


For Sending the International Time Signals from the 30 K.W. 
Calcutta Radio Station.* 


The instrument here described was designed and manufactured in the 
Indian Government Telegraph Workshops in Calcutta. 

Essentially it consists of a wheel H, Fig. 2, 10 inches in diameter, 
rotated uniformly at a speed of 1 r.p.m. through worm gearing by a phonic 
motor driven by a vibrating reed, and carrying on its periphery brass contact 
strips let into ebonite. 

The motor is in fact one used for the “ Murray " drive as applied to the 
distributor of the Baudot printing telegraph system. 

The arrangement of the brass contacts is shown in Fig. 1. Two brushes 
rest on the contacts. One, X, controls the sending key in the radio station 
and the second, Y, controls a pen on a chronograph and registers sixty beats 
to each revolution of the wheel. 

A second pen on the same chronograph registers seconds beats from the 
observatory standard clock. \ 

From this chronograph record, therefore, the observer can readily see 
whether the time sending apparatus is keeping correct and take steps if 
necessary to keep it so. Two adjustments are available for this latter purpose 
and will be described hereafter. 

_ The first brush X is traversed across the periphery of the wheel so as to 
send the appropriate signals for each minute. 

This brush is carried on a sliding sleeve B, Figs. 2 and 3. Connected to 
the sleeve is an arm D, which engages with the worm W by means of a pin. 
As soon as the brush X has finished the last signal the pin runs out into a 
shallow groove in the worm next the wheel D, and thereby raises X out of 
contact with the wheel. i 

The brush X can be set by means of a scale to make contact at any time 
from one second before to one second after brush Y. | 

The time wheel is started electrically by an impulse from the pendulum 
of the standard clock given at the second before three minutes to the correct 
time calculated after allowing for the lag in the land line and apparatus 
connecting the observatory to the wireless station. 

This lag is of the order of two-tenths of a second. 

The adjustment on brush X allows for any fraction of a second. For 
example, suppose the correct time to start the signal has been determined to 
be 7 hours 29 minutes, 364”, by the standard clock, the time wheel must 
start at 7 hours 29 minutes 3672", allowing 0:2” for the lag. The clock will 
start the wheel at 7 hours 29 minutes 36", and the brush X must be adjusted 
to make contact o'2" later than Y. 


* Communicated by the Director-General of Posts and Telegraphs, India, January, 1929 


Automatic Wireless Time Sender Installed in the Alipur Observatory, Calcutta. 
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The time wheel H is loose on the spindle rotated by the phonic motor 
wheel and is connected to it by a friction clutch. The latter consists of a 
steel chain I, embracing the friction drum L, and held tight by a spring M, 
Fig. 2. 

The time wheel is set ready for commencing the time signal by engaging 
the stop O with the armature of the electromagnet N. 

When the phonic motor is started the clutch slips allowing the worm 
wheel and spindle to turn idly until the electromagnet N releases the time 
wheel and allows it also to rotate. 

When the time wheel is in the starting position brush Y is set to make 
contact with the sixtieth second contact and brush X is set to make contact 
the appropriate fraction of a second before or after Y. 

The brush carriers A and B are supported on a cross rod P, Fig. 3, clamped 
to the radial arms C and E, which swivel about the axle and supports of 
the time wheel. А milled screw T, resting on the pillar J, enables the whole 
brush gear to be moved simultaneously to advance or retard both brushes 
relatively to the time wheel. 

When the time wheel is latched ready to start it is by means of T that 
brush Y is set to make contact with the sixtieth segment. From this 
position the screw T is long enough to permit of the brushes being advanced 
or retarded one second. 

Since Y is making contact with a “second” segment when the impulse 
from the clock pendulum starts the time wheel, both records on the chrono- 
graph, one from the time wheel and one from the standard clock must 
coincide to begin with. If they commence to get out of step adjusting T 
will bring them back again provided the reed driving the phonic motor will 
keep time to within one second in three minutes. This presents no difficulty 
in practice. The screw T therefore is the first of the two adjustments 
referred to previously. 

The second adjustment is provided in a rheostat inserted in series with 
the driving magnet of the reed. 

The reed will run slightly faster with a small than with a large amplitude. 
The voltage on the mains may also vary. 

The rheostat allows for both. The rheostat is set in mid-position and the 
reed is then weighted and the position of the weight carefully adjusted till 
the phonic motor runs at the correct speed. In practice this is done by 
watching the record of the time wheel on the chronograph. After this 
adjustment the position of the weight need not be touched, slight readjust- 
ments being made by means of the rheostat. 

In adjusting the apparatus to send time the phonic wheel is set running 
fifteen minutes before time and the reed-rheostat altered till the two records 
on the chronograph coincide within one-tenth of a second or less in a minute. 
This usually needs little or no adjustment. After this has been verified and 
if necessary adjusted the apparatus can be set ready to start knowing that 
the adjusting screw T will provide sufficient margin to keep the two records 
in synchronism till the end of the three-minute signal. 

Mention has been made previously of starting with brush X, making 
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contact earlier than Y. This is done only when it is necessary to start at 
60" as the electrical impulse at the sixtieth second is missed by the clock for 
counting purposes. In this case although the true time to start might come 
between the sixtieth and first seconds it becomes necessary to start at 1" 
and arrange for X to make contact early. For starting the apparatus the 
observet. s provided with a key which in its rest position joins the clock 
pendulum circuit to the chronograph and when pressed joins it to the starting 
electromagnet. No great accuracy is required on the part of the observer 
as all that is necessary is to press the key any time after the second before 
time and wait till the pendulum on its next swing gives the impulse which 
starts the time sender. Then for three minutes the observer must watch 
the two records on the chronograph and if they commence to differ bring 
them into synchronism again. 

In Fig. 5 1s given a diagram of connections. The high-tension relay key 
is the sending key on the secondary side of the transformer in the wireless 
station. 


Electronic and Ionic Oscillations іп 
Thermionic Valves. 
By THE EDITOR. 


The use of the three-electrode thermionic valve as a generator of con- 
tinuous oscillations has been known since 1913 and a great number of 
circuit arrangements have since been devised for the purpose. This 
application of the three-electrode valve has been one of the principal factors 
in the recent developments of radiotelegraphy and more especially of radio- 
telephony. At this moment, however, we wish to refer to some phenomena 
of a different type, of little practical importance it may be at the present 
moment, but of undoubted interest to all students of the thermionic valve. 
Іп the November issue of this Review (page 53) Professor Whiddington 
described a circuit arrangement, containing neither inductance nor capacity, 
which gave, however, a sustained oscillation of a definite frequency. The 
circuits were of the simplest character; a plate battery connected as usual - 
between the filament and the plate, and a grid battery with potentiometer 
connected between the filament and the grid. The valve employed was soft 
and it was shown that the frequency obtained depended on the nature of 
the remanent gas, on the grid voltage and on the distance between the 
filament and the grid. Professor Whiddington explained the phenomenon 
by assuming that bursts of electrons occur from certain spots on the filament 
which have abnormally high emissivity and that these electrons travel to 
the grid in a certain definite time depending on the grid potential, the 
distance between the filament and the grid, and the ratio of the charge of 
the electron to its mass. After passing through the grid they are accelerated 
in the stronger field due to the plate voltage and soon reach such a velocity 
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that they ionise the molecules with which they collide and thus produce 
positive ions which travel towards the filament with a velocity depending on 
the ratio of their charge to their mass. This ionic bombardment causes the 
filament to emit a fresh outburst of electrons and the cycle commences 
de novo. The period is the sum of the times taken by the outward excursion 
of the electron and the subsequent inward excursion of the ion, and these 
times, of which the latter is by far the greater, depend on the potential 
difference between the grid and the filament. Now with a four-volt filament 
and one volt on the grid this potential difference varies along the filament 
from +1 to —3 volis, The specially emissive spot on the filament is a 
very ingenious assumption to explain the definiteness of the frequency 
observed in spite of this range of the potential difference. Professor Whid- 
dington’s paper is of the nature of a preliminary announcement, but the 
agreement obtained between the observed frequencies and those calculated 
оп the assumption that the 1945 concerned are those of mercury is very 
striking, and, as he says, the paper introduces a new'and,at, first sight rather 
astonishing phenomenon. Е 5% Ё 

In the Physikalische Zeitschrift for January ist of this year a paper was 
published by Barkhausen and Kurz describing experiments of a somewhat 
similar character. They used hard valves and obtained oscillations due to 
the electrons alone. Professor Whiddington had calculated the wavelength 
for this case as 77 cm. for one volt on the grid of the valve employed by him, 
but had not apparently obtained such short waves experimentally. Con- 
trary to the usual practice Barkhausen and Kurz applied a high positive 
potential to the grid and a smaller negative voltage to the plate. Under 
these conditions every electron emitted should pass to the grid and no 
current should flow in the plate circuit, unless some gas be present, which 
being ionised by the electrons would cause a flow of positive ions to the 
negative plate. In some experiments, however, it was found that this 
reverse Current was not obtained, but that with — 100 volts on the plate 
the ammeter in the plate circuit indicated a current entering the valve at 
the plate and thus charging the plate battery. This was ultimately found 
to be due to internal oscillations of such a magnitude that electrons reached 
the plate in spite of its negative potential. After ordinary methods had 
failed to indicate any oscillations it was found by cgnnecting parallel wires 
to the plate and grid, that stationary waves were M intained with a wave- 
length of about 1 metre and a frequency therefore of 300 million. Induc- 
tances and capacities outside the tube were found to have little effect, but 
the wavelength was reduced from 2-14 to 1:31 metres by increasing the 
filament heating current from 0-8 to 1-15 amperes and from 2-4 to 1.04 
metres by changing the plate voltage from + 4 to — 300 volts. Anincrease 
of grid voltage also reduced the wavelength. The variations of wavelength 
are not uniform, however, but exhibit irregularities suggesting some resonance 
effect. A most important fact 1s that although these phenomena were 
obtained with three different valves with cylindrical anodes and axial 
filaments, no trace of such oscillations could be found in valves with parallel 
plane anodes. Even with cylindrical anodes, oscillations were only obtained 
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in valves with closely-coiled fine grids. As Barkhausen and Kurz observe, 
these oscillations must be due to the electrons moving from the filament to 
the grid with a high velocity, passing through the grid, then brought 
to rest at a rate depending on the plate potential, then returning with 
increasing velocity, passing through the grid, being again brought to 
rest by the field between the grid and the filament, and so on. What 
the controlling mechanism may be, whereby the electrons are constrained 
to move to and fro in the same phase, the authors cannot explain. It 
may be that the bombardment of the filament by the returning electrons 
of an incipient oscillation causes an increased emission which tends to amplify 
the succeeding oscillation, although the space charge effect would tend to 
reduce the emission. The increase of frequency with increased filament 
current is presumably due to increased space charge which causes the 
returning electrons to slow up more rapidly as they approach the filament. 
It 1s possible that the phenomenon may involve in some way the emission 
of secondary electrons or § rays as in the Dynatron. With 500 volts on the 
grid, the electrons striking it will certainly cause such an emission, but the 
emitted electrons will be unable to move far from the grid in such a powerful 
field. The shortest waves were obtained with a Schott-K valve with an 
anode of 2-1 cm. diameter with 500 volts on the grid and the highest possible 
filament current. The wavelength was 43 cm., but in the opinion of the 
authors a wavelength of 10 cm. or even less could be obtained by using 
suitable valves with very high grid voltages. 

We have discussed these two papers at this length because they appear 
to call for further investigation. They certainly constitute an important 
addition to the already long list of contributions which the three-electrode 
valve has made to scientific progress. 


An Automatic Call Device.* 
By Major BASIL BINYON, В.4., O.B.E. 


- At the present time oral reception of wireless signals has come to be so generally applied 
that it is difficult to conceive of a mechanical machine capable of having the selectivity and 
sensitivity such as that possessed by the ear and the brain. The apparatus described is 
designed to operate with Morse signal calls of three or four letters, and does not require the 
use of any special code. The set comprises two units in addition to the ordinary wireless 
receiver, (1) a Turner valve relay,t and (2) the selector mechanism. Тһе latter is the invention 
of Mr. Shepherd. The Turner relay responds to all signals of sufficient strength, and of the 
correct wavelength, and moves the selector mechanism one space for each such signal whether 
dot or dash. The selector comprises a number of contact springs arranged radially round 
the driving shaft which is controlled by the Turner relay. These springs are sorted out by 
a special mechanism so that they pass either above or below a fixed contact ring depending 
upon whether a dot or a dash is received. By connecting up the contacts on this ring in the 
appropriate manner, the alarm bell circuit will be completed when the proper arrangement 
of contact fingers is obtained by the signal that it 1s desired should operate the apparatus. 


* Abstract of Paper read before the Wireless Society of London on April 3oth, 1920. 
t For description of this relay see Fournal of the Institution of Electrical Engineers, 57, 
Supplement, pp. 50—65, April, 1920. 
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The apparatus is normally set to respond to “ S.O.S." calls and calls for the receiving ship 
or station. The alarm bell is also rung should any one of the valves burn out. A drop 
indicator on the apparatus indicates whether the bell-ring is due to failure of a valve or whether 
it is a call for the ship, or a distress call. 


A very successful demonstration was given of the apparatus working on a receiving aerial. 


Thermionic Valve Nomenclature. 


Barkhausen has suggested the following symbols for the various quantities 
arising in connection with three-electrode thermionic valves. These sugges- 
tions may prove of interest to English workers interested in the subject of 
valve nomenclature and symbols.* 

Magnitudes in the anode circuit. А : . Subscript а 
D » grid circuit : i А 


ы 29 4 
дА ә heating circuit . 5 Е я j h 
Power before amplification [unverstärkt] . 5 u 
„ after amplification [verstärkt] ; Я КА 9 
Momentary value of total current . І А қ Ü 
s 7 „ voltage . : e 
Mean value of current . я à я А : I 
Да „ voltage . я : Е i Е Е 
Momentary value of superposed alternating current . i 
» » » » voltage . е 
Maximum value of superposed alternating current . E] 
2 я 3 35 voltage . € 
The characteristic : I, = f (Е) with constant E, 
The grid-current characteristic: I, = f (Ej) + Es 
The anode-current characteristic: Ig = f (E) 25 Е; 
T Ola ] 
Steepness [Steilheit]: S = (%,), 
6 


0 
Voltage ratio [Durchgriff]: D = — (св) SR,D -- 1 
а 


Internal resistance: R, = (сте) 
i ol, E 


Emission current: te = ty + ta; (le = Ig + 10). 
Saturation current : I, = limiting value of 1, 


Ratio of power amplification [Verstärkungsgrad]: W = d x 
(N = Power). 


* For further suggestions relative to Triode Nomenclature see correspondence on the 
following pages of the Rapiro Review: W. H. Eccles, p. 211 (January); L. B. Turner, 


р. 314, E. V. Appleton, p. 316 (March); E. V. Appleton, p. 368 (April); C. L. Fortescue, 
p. 417 (May); and A. Press, p. 472 (June). 


MM 
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Review of Radio Literature. 
1. Articles and Patents. 


396. ON THE THEORY оғ RaADIOTELEGRAPHIC AND RaDio- 
TELEPHONIC RrcrivER Circuits. J. Е. J. Bethenod. 
(Proceedings of the Institute of Radio Engineers, 7, pp. 517— 
525, October, 1919.) 

A mathematical investigation of the values of the radio frequency and 
audio frequency currents obtained in a two-circuit inductively coupled 


receiver with the customary arrangement of a detector possessing a non-linear 
voltage-current characteristic. 


397. DETERMINATION oF RATE or DE-IONISATION OF ELECTRIC 
Arc Vapour. Н. С. Cordes. (Proceedings of the Institute 

of Radio Engineers, 7, pp. 527—539, October, 1919.) 
A theoretical discussion of an oscillatory circuit method of determining the 


rate of de-ionisation and the effect of this rate on the voltage required for a 
subsequent re-ignition. 


398. Tue DzsicN or PoursEN Arc CONVERTERS FoR RADIO 
Тегксварну. L. Е. Fuller. (Proceedings of the Institute 


of Radio Engineers, 7, pp. 449—497, October, 1919.) 

Deals exhaustively with the design of high power arc sets (100 kilowatt 
and over) from the engineering standpoint. A detailed summary of the radio 
cycle of operations based on the theories of Barkhausen and Pederson is first 
given from which it is possible to deduce certain relations which are in accord- 
ance with experiment. The effective value of the voltage across the arc 
which is useful in circulating the oscillatory current I; is shown to be equal 
to the difference of the two effective values during the two halves of the 7, 
cycle. This quantity E, is equal to IR where В, is the oscillatory circuit 
resistance. Experiment shows that when an arc is operating under good 
conditions its effective direct current resistance is equal to the resistance of 
the oscillatory circuit. From this it may be shown that the peak value of 
Еу is equal to the direct voltage Hz, maintained across the arc by the D.C. 
generator. It is also shown both analytically and experimentally that the 
voltage across the arc E, is equal to 14 Ega. These experiments were carried 
out at Palo Alto using a radio frequency voltmeter consisting of a hot wire 
milliammeter in series with a non-inductive resistance across the radio fre- 
quency terminals of the arc for the measurement of Е,, Еда being calculated 
from a knowledge of the electrical magnitudes of the direct current circuit. 

The theory of the effects of the magnetic flux Ву upon extinction and igni- 
tion is worked out by considering the effect of B, on 1, It is found that 
there is an optimum value of By. For values less than this the gap ionisation 
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is above normal and the effective value of Е, is decreased and thus 1, 
is decreased. | 
If B, is above the optimum value fj, although the extinction and ignition 
voltages are abnormally high the time of extinction is advanced and ignition 
is delayed. Such improper timing tends to produce harmonics. 
The Poulsen cycle efficiency may be calculated from the following : 


Arc output = Bg = Басы 


І ; 
where p — T. and J, is the direct current through the arc. 
8 
Arc input = Egala. 
.. Arc efficiency є = - 


If p = V 2 (as is shown to be the case in the preliminary discussion of the 
circuit theory) e = 50%. This is the highest theoretical efficiency. 

As a certain fraction of each radio frequency cycle is allowed for the 
extinction of the arc we may say that the length of the time required for this 
is inversely proportional to the frequency. Thus as the rate at which the 
ions are removed is dependent on the field strength we may write 

1 
B; е 4 X 

The necessary field strength is also shown to be inversely proportional to 
the molecular velocity of the ions, and if it be assumed that the absolute 
temperature of the arc flame is proportional to the power input E5,/; we 
may write 

g,- Е V Ead 
a À 
where K is found to be 4-25 for kerosene and 8-50 for ethyl alcohol. Experi- 
mental data in support of this formula are given. 

The use of high power converters necessitates the design of electromagnets 
up to a weight of 80 tons. In the search for a theoretical basis for design the 
work of Ewing and Weiss is considered but is not found suitable in this case 
where fields of 2 to 20 kilogauss are contemplated. Direct experiment 
seemed the only basis for design. It is shown from practical data that the 
best value for the tip-gap ratio (ratio of diameter of tip to thickness of gap) 
із 4/3 though small departures from this value do not seriously affect the flux 
density. | 

The best type of pole tip should start with an angle of 60° near the gap, 
changing 10:55? part way down the cone and finally changing to 50° near the 
base of the cone (approximately one-third of the slant height for each angle). 

The pole-gap ratio (ratio of pole diameter to thickness of gap) is important 
as being the main factor controlling the weight and cost of an arc converter. 
The magnetic circuit should be designed so that the knee of the saturation 


curve is reached at rated full load current. Experimental data show that 
MM 2 
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the value of magnetic flux when the knee of the curve is reached does not 
increase much for values of the pole-gap ratio higher than 12. However, 
considerations of cost and weight make it advisable to run the ratio at values 
lower than this, ¢.g. 8. The magnetic air gaps now in use range from I to 
7 inches. 

All modern arcs are provided with an area of chamber cooling surface 
approximately proportional to the arc rating. Data for this relation are 

ven. 

The carbon electrode should not be operated above 200 D.C. amps. per 
square inch. Carbon or graphite may be substituted for the copper anode 
of a Poulsen set but these materials have never come into regular use because 
a water-cooled copper electrode is less troublesome. 


399. PRINCIPLES оғ Rapio TRANSMISSION AND RECEPTION WITH 
AÁNTENNJE AND Соп, Armiars. J. H. Dellinger. (Pro- 
ceedings of the American Institute of Electrical Engineers, 
38, рр. 1095—1150, October, 1919. Bulletin of the Bureau 
of Standards, 15, pp. 435—495. Sctentific Paper of the 
Bureau of Standards, No. 354, December 11th, 1919. Revue 
Générale del’ Électricité, 7, p. 118p, April roth, 1920, Abstract.) 

This paper which is largely mathematical compares coil aerials with 
ordinary antenna as regards transmission and reception. The formule 
obtained may be used in designing an aerial for any particular set of con- 
ditions. The conclusions reached have been verified by experiments. The 
advantages of the coil aerial as regards direction finding, prevention of inter- 
ference, reducing strays, and in submarine work make the development of 
this aerial particularly important. The principal formule given are evolved 
from fundamental electromagnetic theory, and some of the most important 
results are as follows :— 

Radiated magnetic field intensity from an antenna or condenser aerial, 

2m 1, 
Н = 10: xd" 
Radiated magnetic field intensity from а coil 


ШЕ Il, I, 


| 10° Xd 
Received current іп an antenna or condenser aerial 
МН 
I, = 800 P 
Received current in a coil 
I; = 6007 . Ble eH 


Distance at which a given current is received in a coil, for a given transmitting current in 
an antenna, 
dd 184 h,h,l,N,I, 
RXI, C 
Relative effectiveness of coil and antenna, for the same height and wavelength 


4/4, = N 4/2 (1 — cos 71). 
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Relative effectiveness of coil and antenna, for the same height and wavelength, | small 


compared to A, 
i dda = 628 NIA 
Length of coil aerial equivalent to antenna of the same height 
1 = 0-16 A/N. 
Coil aerial reception factors. 


E.M.F. reception factor = a?N/A. 
Current reception factor = a?N /( EX). 
Voltage reception factor = a?N L/(EX?). 


Radiation resistance. 
Ка = (39-7 МАР (antenna) 
R,—(19-3a/X4N*? (сой) 
Transmission formule were also given for antennz and coils, identical with 
the ones previously published by the same author.* 
The notation used in the above formula is as follows :— 
Subscripts : 8 = sending ; r = receiving ; @ = antenna; с = coil. 
I = effective value of current. 
H = effective value of magnetic field intensity. 


В = height of aerial. 
d = distance along earth’s surface from the sending aerial. 


À = wavelength. 
| = horizontal length of coil aerial. 

N = number of turns of wire оп coil aerial. 
a = length of side of square coil. 

R = resistance of receiving aerial circuit. 

L = inductance of receiving aerial circuit. 

The results of the investigations show that the ratio of the ranges of com- 
munication with coil aerial and antenna is proportional to the number of 
turns, and horizontal length of the coil, and inversely proportional to the 
wavelength. The coil aerial is therefore particularly suitable for communi- 
cation on short wavelengths. A coil aerial is quantitatively as powerful as 
an antenna only when its dimensions approach those of the antenna, but it is 
easier to make the resistance of a coil aerial small, thus making a small coil 
as effective as a large antenna. A small aerial as effective as the ordinary 
antenna may be secured without recourse to the closed coil principle, by 
using an aerial consisting of a condenser with two large parallel planes so 


arranged that the dielectric includes on ground. 


400. ON THE Sexr-InpucTANCE oF SINGLE Layer Frar Colts. 
S. Butterworth. (Proceedings of the Physical Society of 
London, 32, pp. 31—37, December, 1919.) 

Two formule are given in this paper for the computation of the self- 
inductance of single layer flat coils, one for the case when the inner and outer 
radii are not very different and the other for the case of small inner radius. 
The two formule are shown to be consistent and capable of including all 
possible cases. From them it is shown that the inductance of such flat coils 
can be expressed in the form L = Qn?r? in which n is the number of turns 


* See Клого Review Abstract No. 4. 
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per centimetre, r is the outer radius of the coil and Q a function of the ratio 
of the inner and outer radii. A table of this function follows :— 


та Q т/а 9 r/o Q 
ооо .. 6-970 0:35 . .. 5:996 070  .. 2:528 
0°05 is 6-964. 0:40 ХЕ 5.632 0:75 за 1:946 
O*10 T 6:930 0:48 - 5:213 080 ae 1°397 
O'15 85 6:845 0-50 5% 4°743 0:85 e 08892 
0:20 с 6:728 0-55 5% 4221 0°90 2% 0°4.574. 
0:25 я 6:544 0°60 vs 3:682 0:95 a 0:1394 
0°30 2% 6:300 0°65 a 3:105 гоо КА о:0000 


A table is also given in the paper for calculating the mutual inductances 
between flat coils. 


401. Ам Experiment on Imputse Excitation. J. H. Morecroft. 
(Proceedings of the Institute of Radio Engineers, 8, pp. 75 
—84, February, 1920.) 

Oscillographic experiments on the effect of a unidirectional pulse on an 
oscillatory circuit are described. The oscillatory circuit of natural frequency 
78-6 cycles per second was energised by direct current from a battery flowing 
through a portion of the circuit for a definite measurable time, the ampli- 
tudes and wave form of the exciting current and the current flowing in the 
` oscillatory circuit being measured from simultaneous oscillograms. [It is 
found that for the shortest time (0-002 second) of excitation used the ampli- 
tude of the first and second alternations of the oscillatory current are practi- 
cally the same, and that the amplitude of the first alternation does not in- 
crease after the pulse has a length equal to one quarter of a cycle. As the 
pulse is lengthened the amplitude of the second alternation increases until 
the pulse length is half the natural period. For pulses lasting longer than one 
half period the amplitude of the second alternation decreases until it has that 
value which is fixed by the amplitude of the first and the decrement of the 
circuit. It is found that the greatest disturbance is produced in an oscilla- 
tory circuit by a rectangular pulse when this pulse has a duration equal to 
half the natural period of the circuit. 

The effect of “infinite impedance ” circuits when subjected to impulse 
excitation is studied and it is found that for pulses their filtering action is 
much less than for sustained waves of the same natural frequency as the 
“infinite impedance ” circuit. 


402. MEASUREMENT OF  DiEeLEcrTRIC. Constant АТ Нпсн 
FREQUENCY BY THE WHEATSTONE Ввірсе. H. Joachim. 
(Annalen der Physik, бо, pp. 570—596, November 27th, 
1919.) 

A continuation of work published by Hertwig (Aunalen der Physik, 42, 

P. 1099, 1913) but with various improvements which are fully described and 


2 
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discussed. The high frequency was obtained from a thermionic generator. 
The frequency employed in the tests was 109 (A = 300 metres), Although 
heterodyne detection would have given greater sensitiveness, the author 
employed a rotary toothed ticker across the telephone receiver. Results are 
given for a number of inorganic salts and the variation of the constant with 
temperature is investigated and discussed theoretically. The variation of 
the constant with frequency is also discussed. 


403. A METHOD ғов MEASURING VERY SMALL CAPACITIES AND 
Ічростаксев. L. Pungs and G. Preuner. (Physikalische 
Zeitschrift, 20, pp. 543—545, December Ist, 1919.) 

Heterodyne reception permits the detection of very small changes of 
frequency caused for example by the addition of small capacities or induc- 
tances. The use of the heterodyne principle for determining wavelength is 
stated to be due to Scheller. The authors propose the following method : 

two high-frequency circuits with thermionic generators (f= 10° to 109) 

produce beats ( f about 1,000) which after rectification are superposed upon an 

alternating current of about the same frequency as the beats, produced by a 

third thermionic generator. This latter causes the beat tone to rise and fall 

in intensity, unless it has exactly the same frequency as the beat tone. The 
small capacity to be measured is connected in parallel with the condenser in 
the oscillatory anode circuit of one of the high frequency thermionic genera- 
tors ; it is then replaced by a known small capacity. If the latter is variable 
one can adjust until the tone is of constant intensity, if not one can calculate 
the capacity from the frequencies of the pulsating tone intensity. For 

further detail, the original paper should be consulted ; the authors promise a 

further publication on the subject. 


404. ELECTRIC Arc Cuaracteristics. Е. Brauer. (Phystka- 
\ lische Zeitschrift, 20, pp. 393—396, September, 1919. 
Science Abstracts, 22^, p. 567, Abstract No. 1538, December, 

1919.) 

The results of tests with various electrode materials for arcs are sum- 
marised in the form of a table giving the values for these various materials 
of the constants a and b in the equation of the characteristic; ei = at + b, 
where eis the potential and % the current. 


405. THe TELEPHONE Receiver: Its MECHANICAL Acoustic 
Cuaracteristics. W. Hahnemann and H. Hecht. 


(Annalen der Physik, 60, pp. 454—480, November 2oth, 
1919.) 

А оо of “Sound producers and receivers” (Physikalische 
Zeitschrift, 20, p. 104, 1919), and of “ Sound fields and antennæ ” (idem, 18, 
p. 261, 1917). From bridge measurements of the effective resistance and 
inductance of a receiver at various frequencies, curves are plotted of the роуусі 
taken, both in a vacuum and in air with the earpiece at various distances 
from the diaphragm. The resonant frequency is changed by closing the 
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sound opening and even by holding the receiver to the ear. The causes of the 
change of damping and of resonant frequency are discussed. From the 
resonance curves the damping is calculated in the usual way and from this 
the authors calculate the fraction of the power supplied which is converted 
into useful sound. For frequencies between 500 and 1,000 this is found to be 
from o'I to І per cent. The results are compared with those obtained by 


H. Abraham and M. Wien. 


406. SPARK TRANSMITTERS. Е. Lowenstein. (French Patent 
497961, February 5th, 1919. Published December 23rd, 
I9I9.) : 

The invention described in this specification consists in a multiple quenched 
spark gap apparatus for producing high frequency oscillations. The multiple 
gap is built up of a series of readily removable and replaceable units, each 
comprising one or more pairs of discs and electrodes with annular sparking 
surfaces of silver. The discs have cooling fins of sheet metal, preferably 
copper. The number of gaps in circuit may be varied by suitable switch 
apparatus. 

For further particulars of the invention, see British Patent No. 122640. 


407. Авс Озсплалттон GENERATORS. Н. С. Rentschler. (British 
Patent 135185, November тоЩ, 1919, Convention date 
November oth, 1918. Patent not yet accepted but open 
to inspection.) 

The arrangement described is shown diagrammatically in Fig. 1. A 
containing vessel V which is mounted upon the pivoted arm A so that it can 
be swung into either a horizontal or a vertical 
position, encloses the two electrodes E, and E, and 
an additional mercury electrode M. To start the 
arc the switch S is placed in the upper contacts 
and the mercury splashed into contact with the 
electrode E, so that an arc is struck. On throwing 
over the switch to the lower contacts the arc 
strikes between E, and E, and sets up oscillations 
in the shunt circuit L C. The electrodes should 
be of a refractory metal such as tungsten, 
molybdenum, zirconium, or chromium and the 
anode E, should be larger than the cathode E,. The 
vessel may be filled with hydrogen at a pressure of 
40 cm. of mercury, or with helium. Oscillations of 
c the first type are obtained so that the total current 
through the arc is not reversed during an oscillation. 


Fic. 1. 
408. А Smartt Poutsen GENERATOR FOR LABORATORY 
MrasunEMENTs. М.  Giddemeister. (LElektrotechntsche 


Zeitschrift, 40, pp. 616—617, November 27th, 1919.) 
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A very convenient and simple form requiring little attention burning ver- 
tically in a glass cylinder dipping into a vessel containing oil, up a tube in the 
centre of which passes the rod carrying the carbon electrode. The water- 
cooled copper electrode is carried from a metal plate which screws into a ring · 
to which the glass cylinder is cemented. The current is 2 amperes at 220 to 
250 volts. The only gas which has been found satisfactory is hydrogen. 


409. Нісн Frequency OscILLATION Generators. V. |. Е. 

Bouchardon. (British Patent 135464, September 11th, 

1919. Convention date November 21st, 1918. Not yet 
accepted but open to inspection.) 

An arrangement of valve oscillation generators is described fed from a 

polyphase alternator as indicated in Fig. 2. The same alternator may be 


Fic. 2. 


employed for feeding a polyphase spark transmitter. T is the three- 
phase step-up transformer, and L, L, the high frequency reaction coupling.* 


410. Hich Frequency ALTERNATOR. О. Billieux. (French 
Patent 498164, November 22nd, 1917. Published 
December 31st, 1919.) 

This specification describes a high frequency alternator in which the rotor 
consists of two discs, having teeth on their periphery and rotated in opposite 
directions. For this purpose they are each mounted on the end of a motor 
shaft. The stator consists of two armatures disposed perpendicularly to the 
moving discs and one on each side of the pair. A coil produces a magnetic 
field which traverses axially the two armatures, the two discs and the air 
gaps and the yoke. The discs have teeth of the same size but one has a 
greater number than the other. 


* See also Rapio Review Abstract No. 107. 
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41I. TRANsMiTTING Systems. A.Taylor. (French Patent 498367, 
April 15th, 1919. Published January 9th, 1920.) 
The specification describes improvements in radio-telegraphic transmission 
systems. 
For further particulars, see British Patent 133901.* 


412. TELEPHONE Repeaters. B. Gherardi and F. B. Jewett. 
(Proceedings American Institute of Electrical Engineers, 38, 

рр. 1255—1313, November, 1919.) 
A history of the development of telephone repeaters is given including 
descriptions of various methods of using three-electrode valves for this purpose. 


413. RApiorELEPHONY. Е. B. Craft and E. Н. Colpitts. 
(І? Elettrotecnica, 6, рр. 731—734, November, 1919, 
Abstract.) ; 

The full paper is given in Proceedings of the American Institute of Electrical 

Engineers, 28, p. 337, March, 1919. 


414. THE UsE or WIRELESS TELEPHONY FOR AIDING THE OPERA- 
TION OF AN Епествис Power DISTRIBUTION COMPANY. 
(Electrical Review, Chicago, 75, p. 668, October 18th, 1919.) 

Refers to the decision of the Georgia Railway and Power Company, to 
install wireless telephone apparatus at their central and sub-stations, and at 
various points along their high-tension lines. 


415. WinreLess TELEPHONY. N. H. Slaughter. (Journal of tbe 
Franklin Institute, 189, pp. 1—24, January, 1920. Tele- 
graph and Telephone Age, 37, p. 580, November, 1919, 
Abstract.) 

The paper deals mainly with the development of wireless telephone sets 
for use in U.S. aircraft during the latter stages of the war. Prior to the begin- 
ning of the European War, wireless telephony had been used in military 
operations to a negligible extent, but almost immediately following the 
declaration of war by the United States orders were issued for the develop- 
ment of an aeroplane wireless telephone set. This development was under- 
taken by the Western Electric Company and the instruments described and 
illustrated in the paper are those manufactured by this company. The power 
plant comprises a wind driven generator yielding 25 and 275 volts for the 
filament and anode circuits respectively, and provided with a differential 
field winding connected in series with a two-electrode regulating tube so 
that a practically constant output voltage is obtained for all speeds between 
4,000 and 12,000 r.p.m. A schematic diagram of the connections of the 
complete installation is given in Fig. 3, and shows both the transmitting 
and receiving circuits. The method of modulation used in the transmitter 
is the “constant-current” method. The choking coil Lg maintains the 
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output current from the generator practically constant, so that when a varying 
current is drawn by the plate circuit of the modulator tube, under the influence 
of the transmitting microphone, this varying current is diverted from the 
anode circuit of the oscillating valve, thus controlling its output. A special 
sound insulating helmet was developed which almost completely excluded 


>_> 
> 
> 
< 
ж- 
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all sounds from the aviator's ears other than those received in the telephones. 
A single wire aerial was used of about 200 feet in length. <A special form 
of reel for holding this wire was developed and was fitted with a centrifugal 
governor so as to limit the speed at which the wire is unreeled, thus pre- 
venting the breaking of the wire when the end is reached. A later type of 
apparatus is also illustrated in the paper but is not described in detail. 


416. DEPENDENCE OF THE INPUT IMPEDANCE OF А THREE- 
ELECTRODE Vacuum TUBE UPON THE LOAD IN THE PLATE 
Circuit. J.M. Miller. (Bulletin of tbe Bureau of Standards, 
I5, pp. 367—385. Bureau of Standards Scientific Paper, 


No. 351, November 21st, 1919.) 

When used as an amplifier with the grid so negative that no electrons pass 
to it from the other electrodes, the input circuit is coupled with the output 
circuit through the internal capacities of the tube. The calculated formule 
based on these capacities are checked by actually measuring the various 
internal capacities of several tubes and then measuring the apparent resist- 
ance and capacity of the input circuit for various types of load in the anode 
circuit. Observed and calculated values are found to agree. With resistance 
or capacity loads the input circuit has always a positive resistance, but with 
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inductive loads the input circuit may have a negative resistance, thus leading 
to increased amplification and sustained oscillations. Detailed calculations 


are given in the paper. 


417. THE Уасоум-Гове А8 A GENERATOR OF ALTERNATING- 
Соввент Power. J. H. Morecroft and H. T. Friis. 
(Proceedings American Institute of Electrical Engineers, 
38, pp. 1193—1221, October, 1919.) 

А ** P—10 ” type “ pliotron ? tube was used for these tests. Rated anode 
voltage = 1,000 —2,000 volts, filament current 3:65 amps., and safe loss on 
plate 250 watts. The first part of the paper deals with the operation of the 
tube when separately excited with an alternating p.d. superimposed upon the 
steady voltage in the grid circuit, and gives an account of an oscillographic 
study of the waveforms and phase relations of the grid and anode voltages 
and anode current. A load circuit consisting of a resistance (variable) in 
series with a condenser was joined across the tube to absorb the A.C. power 
output. It was found that the output reached a maximum for some particular 
value of the load resistance, and increased with the square of the exciting 
A.C, voltage in the grid circuit up to a certain value of that voltage, and 
afterwards more slowly. 

With a properly evacuated tube the amount of power that can be expended 
on the plate 1s sufficient to bring it to a dull red heat. If the values of the 
applied voltages are properly adjusted, the power output in the load circuit 
may be greater than that used on the plate, and the safe value of the D.C. 
anode circuit input may be as much as three times the safe plate rating. The 
usual working efficiency of the tubes is about 30 per cent., but it has been 
found possible to obtain over 70 per cent. efficiency by proper adjustments, * 
although on the assumption of sinusoidal currents the output cannot be 
greater than half the input. 

Tests indicated that a direct current ammeter used to measure the filament 
current does not indicate that current correctly when the tube is oscillating, 
and that the filament temperature is much hotter when oscillating than when 
not oscillating. The ordinary static characteristics do not give a true criterion 
as to the operation of the tube when oscillating as the grid and plate get 
hotter when taking the static curves than they do in normal operation under 
the same conditions. 

Calculations indicated that both the losses and output of the tube are 
greatest for a sinusoidal plate current, but that the efficiency is then low. 
As the plate current is made to approach the form of a short pulse the 
efficiency rises, and for such a short pulse with a rectangular waveform the 
efficiency may reach 82 per cent. To obtain high efficiency the conditions 
should be so adjusted that during this short pulse, which occurs when the 
plate voltage is a minimum, the saturation current should flow. 

A few tests were also made with the tube self excited, but difficulties were 
experienced in obtaining the high efficiencies owing to the alternating com- 


* Neglecting the filament power input. 
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ponents of the plate and grid voltages not being exactly 180? out of phase, 
and a special means of adjusting this phase is suggested. Some experiments 


were also made with high-frequency self-excited oscillations, and these 
substantially confirmed the low-frequency tests. 


418. THE AMPLITUDE OF THE OSCILLATING CURRENT SET UP BY 
Aupion GENERATORS. A. Blondel. (Comptes Rendus, 
169, pp. 943—948, November 24th, 1919.) 

This paper continues the treatment given in an earlier communication * 
dealing with the derivation of the oscillation characteristics of triode valves 
by a graphical construction from a family of static curves. It deals par- 
ticularly with the first case there considered, viz., the use of an inductive 
reaction coupling between the anode and grid circuits of the valve, and an 
example is given of the derived characteristics, showing the method of 
construction, for one such case. The bulk of the article is devoted to a 
mathematical treatment prepared to show that the amplitude of the oscilla- 
tions is zero when the conditions of priming are strictly realised (decrement 
reduced to zero by retroaction), and how the amplitude of the oscillations is 
limited by the curvature of the static characteristic starting with the simple 
fundamental equations of the anode circuit (consisting of inductance and 
capacity branches in parallel) equations are deduced for w (= 27 X fre- 
quency), and for the amplitude of the fundamental of the current. These 


equations involve the constants of the circuit and the slopes of the oscillation 
characteristics. 


419. CONTRIBUTION TO THE THEORY OF AUDION GENERATORS: 
Tur Сомрітіом For EXCITATION AND THE DEGREE OF 
DAMPING oF FEEBLE OSCILLATIONS OBTAINED FROM THIS 
Apparatus. А. Blondel and C. Lavonchy. (Revue 
Générale del Électricité, 6, pp. 875—893, 923—930, December 
20th and 27th, 1919.) 

This article is based upon a previous publication by A. Blondel t dealing 
with the conditions for the excitation of oscillations in triodes. 

The present article is almost entirely mathematical, and deals first with the 
theory of sustained oscillations making use especially of a general mathe- 
matical theorem due to Hurwitz. In particular the treatment centres round 
the condition at the limit of self-excitation, 7.е., round the point at which the 
damping has been reduced to zero (by the retroactive coupling), and the 
transition period has been reached between stability and the instability 
when sustained oscillations are set up. Three oscillatory states are defined— 
below, at, and above this transition point—and a series of equations is evolved 
relating to these states. 

The second section of the paper gives the application of the theory to a 
study of the sustained oscillations set up by a triode. The cases considered 


* Rapio Review Abstract No. 352. 
T Journal de Pbysique, July, 1919. 
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include a “ flywheel ” coupling between the anode and grid circuits ; a tuned 
anode coupled to an untuned grid circuit; an aperiodic state obtained with 
the grid and anode circuits inductively coupled but with neither circuit 
oscillatory ; and a general case with tuned anode circuit coupled inductively 
to the grid, and with an additional capacity coupling between the anode and 
grid of the valve. | 

The third section of the paper deals with the stability of the amplitude of 
the sustained oscillations. The treatment is based upon the special plate- 
current—plate-voltage characteristics previously described by A. Blondel,* 
and the influence of the curvature of the characteristics upon the stability is 
shown. The dynamic characteristic of the lamp, whether a straight line or an 
ellipse, ends in the regions of the derived characteristics where the effective 
resistance (slope of the characteristic) is sufficient to limit any further 
increase of amplitude by reason of the damping to which it gives rise. The 
mathematical treatment should be referred to in the original. 


420. DETERMINATION OF THE OurPuT CHARACTERISTICS OF 
Execrron Tuse Generators. L. M. Hull (Bulletin of 
Bureau of Standards, 15, pp. 497—517. Scientific Papers 
of the Bureau of Standards, No. 355, December, 1919.) 

The direct coupled circuit is taken in this paper as typical of the circuits 
which may be used with triode valves for the purpose of generating oscilla- 
tions. In this circuit the anode is joined to the grid through an inductance 
across which is shunted the condenser, the filament being joined to a tapping 
on the inductance. A portion of the inductance is thus included in the anode 
circuit and a portion in the grid circuit. The capacity (in series with a resist- 
ance) shunted across the whole inductance represents the antenna. The 
paper is divided into five sections, namely, introduction, oscillating tube, 
derived characteristic, power output, current output. The fundamental 
component of the electron current which will be supplied by a given tube, 
under the action of sinusoidal plate and grid voltages can be computed as 
functions of these voltages from a family of “ static characteristics ” of the 
tube. Curves showing the plate and grid currents as explicit functions of the 
grid voltage, taking account of the simultaneous changes in plate voltage 
which would occur if these currents supplied an output circuit having a given 
ratio of coupling reactance, are called the derived characteristics of the tube. 
The effective power output of the tube is: 

nE 1 
P,- ^s (1,— 1) 

where E, is the amplitude of the grid voltage, 1, and I, are the amplitudes of 

the fundamentals of the plate and grid currents respectively, and n is the 

ratio of the plate and grid coupling reactances. Hence the efficiency of the 
tube for any inductively coupled output circuit is : 


Е, (nL, —I 
= 057 ( p P) 
I= Ha. ul 


* Rapio Review Abstract No. 352. 
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Where Ер is the steady supply voltage and of, is the reading of the direct 
current ammeter in the other circuit. It is possible to get 50 per cent. effi- 
ciency from a tube if n is chosen so that 
(I, — 14") = ol, when E; = En. 

Physically this implies that the fundamental constituent of the plate current 
must be greater than the direct current constituent by the amount 1,/п, that 
is the plate current wave must be flattened at both extremes of the alterna- 
tion. It is a familiar experimental fact that a highly distorted or flattened 
wave of the plate current leads to high efficiency, though not necessarily to 
high output. 

From the current characteristics of the tube the power output can be 
obtained graphically as a function of the grid voltage: Py = f (Ej). 


Moreover E, = iad € 


where L, is the grid inductance and R, C, and L, are the total resistance, 
capacity and inductance respectively of the antenna circuit. А simul- 
taneous graphical solution of these two equations gives the power output 
from the tube as a function of any of the three electrical constants of the 
output circuit. Such solutions can be obtained graphically for any type of 
tube whose static characteristics are known. A number of curves are given in 
the paper illustrating these graphical solutions and the various output cur- 
rents and harmonic constituents of the output currents obtainable from 
various tubes. 


421. THE ALGEBRA or Tonic Vatves. W. H. Eccles. (Electri- 
cian, 84, pp. 162—163, February 13th, 1920.) 

This paper is written as an introduction to the theory of ionic tubes, and 
deals first with diodes, and then with triodes. 

Considering only the straight part of the characteristic curve, its equation 
may be written 

ta = ha (€a — 65), 

where ta is the anode current, 6, the anode voltage, hg the slope of the charac- 
teristic line, and e, the intercept on the 64 axis when the straight part of the 
characteristic is produced. This quantity e, may be regarded as a back 
E.M.F. in the tube. Under these conditions the tube may be said to obey 
Ohm’s law. If hg and es are given their appropriate values corresponding to 
the point considered, the same equation may be used to represent the condi- 
tions at that point. 

In the case of triodes, using the same reasoning, the above equation be- 
comes : 


ta = ha (ба + 9% — €s), 
where g is the voltage factor, and e; is the grid voltage. Writing this equa- 
tion as | 


la = ha €a + hy eg + ho 
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. the first equation suggested by Latour is obtained.* The symbol e may be 

used for ед + ge; and is called the lumped voltage. Applying the above to 
the case of a triode amplifier, with a resistance В in the anode circuit, and 
writing 7а for 1/ha, the internal resistance of the tube, the expression for the 


"M Rh, gR ; 
voltage amplification becomes 14 Phe Р Eg This result is correct for 


both the curved and straight parts of the characteristic. 


422. A GRAPHICAL STUDY OF THE OPERATION OF AUDIONS AS 
SENSITIVE RECEIVERS ОК А5 DECREMENT REDUCERS 
(“ desamortisseurs ”) iN A Resonant Circuir. А. Blondel. 
(Comptes Rendus, 169, pp. 1377—1382, December 29th, 
1919.) 

The continuation of a previous paper + dealing with the derived character- 
istics of triode valves. When these characteristics are plotted in terms of 2 
(the variable part of the plate current) instead of e (the variable part of the 
plate voltage) they enable the amplifying properties of these valves to be 
studied when the coupling is adjusted below the value necessary to sustain 
oscillations, and when a forced oscillation of the resonant frequency is applied 
to the apparatus. Two cases are considered, (1) when the alternating E.M.F. 
is applied to the plate circuit, and (2) when it is applied to the grid, and it is 
shown how, by means of the curves given, the amplitude of the resultant 


oscillatory current in the plate circuit may be obtained graphically in each 
case. 


423. THe CarcuLATIoN or Aupion Constants. R. W. King. 
(Physical Review, 14, pp. 532—533, December, 1019. 
Abstract of Paper read before the American Physical 
Society.) 


. . . Ф Ф E . 
Given the characteristic equation of a triode as Ї, = x | + Ес 7 it has 


been found possible to deduce expressions for и and к from theoretical 
considerations. 
Let х = distance from plate to grid (flat plate). 
I T » grid to filament (flat plate). 
n = number of grid wires per unit length. 
r = radius of the grid wires. 
A = total plate area. 
ВЕ, = radius of cylindrical plate. 
g = » » grid. 
CN 5 filament. 
| = length of the complete cylindrical structure. 
The following results were obtained, assuming 2) = 8 :— 


ж M. Latour, Electrician, 78, pp. 280—282, December 1st, 1916. 
t Каро Review Abstract No. 418. 
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(1) Flat plate type with the filament symmetrically placed between grids 
and plates : 


25 Qarn 
РС Tog. (1/2man) ' 


= 2:33 x 10-47 — (6р) 
сЕ Va+ B. “1 ш — 1) 
(2) Cylindrical type with coaxial single strand filament : 


ІР, ip 

ГЕ, -Е) sr Е, m F M 

(3) Cylindrical type with several parallel strands of filament arranged on 
an internal or external coaxial cylinder : 

The expression for p is the same as in case (2), 

Ви? 

J + (Е, — Е, T (В, — В) T (E, — R) (и + 1) 
(the signs should be chosen to make all terms positive). Some examples of 


measurements on type (1) valves are given in the paper, and show good 
agreements between the calculated and observed values. 


к = 14-65 x 10-* 


k = 14:65 х 10-6 


424. THE UsE or Aupions ок THREE-ELECTRODE LAMPS DURING 
THE War. С. Ferrié. (Revue Générale de P Electricité, 6, 


рр. 933—935, December 27th, 1919.) 
The author refers to an article by L. Kühn published in September, 1919,* 


in which reference was made to the lack of development of valve apparatus 
in Germany. It is stated that at the time of the armistice the Germans had 
no valve transmitters in use. A tribute is paid to the development work 
carried out in America and England, and the remainder of the article is 
devoted to a brief summary of the various development works carried out 
by the French Radiotélégraphie militaire. The following are dealt with in 
turn: Three-electrode valves, amplifiers, valve transmitters, aircraft re- 
ceivers, single-frame radiogoniometers, earth telegraphy, measuring apparatus 
(wavemeter standardisation), and high power stations. Dates are given 
indicating the historical development of these various branches. 


425. An INVESTIGATION OF THE INTERNAL ACTION OF A TRIODE 
| VaLvr. W. H. Eccles. (Radio Review, 1, рр. 11—20; 


67—77 ; 127—134, 1919.) 


ж Fabrbuch der Drabtlosen T elegrapbie, 14, pp. 395—495, September, 1919. Rapio Review 
Abstract No. 295. 


NN 
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426. THE DEPENDENCE OF THE AMPLIFICATION CONSTANT AND 
INTERNAL PLATE Circuir RESISTANCE or А THREE- 
ELECTRODE VacuuM TUBE UPON THE STRUCTURAL DIMEN- 
sions. J. M. Miller. (Proceedings of the Institute of Radio 
Engineers, 8, pp. 64—73, February, 1920.) 

The formule for the relations between the anode current per unit area of 
filament %, anode voltage % and grid voltage v; of a triode сап be deduced 
theoretically from the results of Maxwell's investigation of the screening 
effect of a grating of equally spaced parallel wires between two infinite con- 
ducting planes. A simple application of Maxwell’s formula gives the follow- 
ing expressions for the anode current and the internal anode circuit resistance 
R for a tube with plane electrodes, 


2:33 x 107% ЖАС 
ta = ere (За + p: v) amperes. 
i 12 
2 (s E ) | 
ЖАС 
i -1а 
(nS a 


ohms. 


distance filament to grid. 


where б = 

6, = distance grid to plate. 
Р = 

а 


С = radius of grid wire. 
== distance between grid wires. 


and L = length of filament. 


Using these formule satisfactory agreement is found between measured and 
computed values in the case of tubes having plane grids and anodes, but not 
for tubes of cylindrical design. Curves are given for the rapid pre-determina- 
tion of amplification constants from structural dimensions. 


427. Томс OscILLATIONS IN THREE-ELECTRODE THERMIONIC 
Vatves. R. Whiddington. (Radio Review, І, pp. 53—58, 
. November, 1919.) 


428. Propuction or Vacuum Товеѕ For Mititary PURPOSES. 
N. H. Slaughter. (Physical Review, 14, pp. 453—456, 
November, 1910) — 

The specification, production, testing and performance of the vacuum tubes 
manufactured for use by the U.S. Signal Corps during the war are dealt with 
in this paper. 
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429. Recrervinc Apparatus. Е. Bellini. (French Patent 497848, 
April 5th, 1919. Published December 18th, 1919.) 

The invention consists in a receiving arrangement for directive wireless 
telegraphy and telephony, and it has for its object to render very distinct 
the direction of the maximum intensity of reception. The invention is 
characterised by the employment of an auxiliary circuit which may be oscil- 
lating or not, coupled to two aerials or two radiogoniometer secondary 
circuits, which are untuned. The aerials or the said circuits when not 
directed towards the transmitting station will produce an electromotive 
force and a current in the auxiliary circuit, and by adjusting the radiogonio- 
meter coils until no current is produced in the auxiliary circuit the direction 
of the received signals is ascertained. Various arrangements of auxiliary 


circuits are illustrated. 
430. VARIATION IN DIRECTION or PRopacation oF Понс Етес- 


TROMAGNETIC Waves. А. Н. Taylor. (Bulletin of Bureau 


of Standards, 15, pp. 419—433. Bureau of Standards 
Scientific Paper, No. 353, November 29th, 1919.) 

Describes a method of getting absolute zero with a direction finder by 
compensating the antenna effect by means of mutual inductance from a coil 
supplied from another frame aerial at right angles to the main coil. The 
two-coil (Robinson) method is compared with the single-coil minimum 
method and found to give equally good results, although it is stated that the 
former requires more experience. The apparent bearings of Annapolis 
35 miles and New Brunswick 175 miles away have been studied and tables 
and curves are given showing the variation. In one case at sunset, New 
Brunswick appeared to shift 68° in sixteen minutes. Tests on 4,000 metre 
waves show smaller variation than the long waves. Tests on still shorter 
waves are in progress. Spark signals appear to show smaller variations than 
continuous wave signals. The reasons are briefly discussed, and it is suggested 
as probably being due to less well defined interference effects, between waves 
travelling between the stations by different paths, with damped wave trains 
than with continuous waves. Hence the former would show smaller apparent 


variations. 

431. THE FEssENDEN PELoRus (WinELEss Compass) : A CAUTION 
AS TO rts Use. R. A. Fessenden. (Electrician, 83, pp. 
719—721, December 19th, 1919. Revue Générale de 
l Electricité 7, p. 85», March 13th, 1920, Abstract. 
L'Électricité 2, p. 16, March 15th, 1920, Abstract. 


L’ Elettrotecnica, т, p. 103, February 25th, 1920.) 

A brief description is given of the various types of the Fessenden “ Pelorus,” 
including many references to the original descriptions and patent specifica- 
tions. Errorsin thereadings may be due to: opaque regions due to varying 
local conductivity of the ground ; varying local and temporal absorption due 
to vegetation; the difference between the resistance of water and of a sandy 


beach. The last causes the waves to bend in towards the land. In the latest 
NN2 
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type of “ Pelorus ” readings are taken on two or more wavelengths, as it has 
been found that the amount of directional error is a function of the wave- 
length. Hence when a difference is noted between the apparent directions 
measured on different wavelengths, it indicates that some error is present, 
and by observations of the differences between the different wavelength 
readings, it has been found possible to estimate the magnitude of the error 
and allow for it. The paper includes a curve taken by the U.S. Navy Depart- 
ment showing the variations in apparent direction through a week. The 
errors were greatest during the night and generally towards the shore side, 
but occasionally errors in the other direction were noted due apparently to 
clouds of ionised air. 


432. DIRECTIONAL SYSTEMS OF WIRELESS TELEGRAPHY. (Génie 
Civil, 75, p. 671, December 27th, 1919.) 

Abstract of lecture by H. R. Sankey—see Rapio Review Abstract No. 
147 for the original. | 


433. PROPAGATION OF ELECTROMAGNETIC WAVES OVER A PLANE 
Conpuctinc Surrace. H. Weyl. (Annalen der Physik, 

бо, pp. 481—500, November 2oth, 1919.) 
A mathematical paper, the physical results of which are not clearly stated. 
The author criticises adversely the method adopted by Sommerfeld but 


also obtains a result which may be regarded as a superposition of a space 
wave and a surface wave. 


434. А SYSTEM FOR THE Кксертіон or Continuous Waves. 
J. Scott-Taggart. (Wireless World, 7, pp. 593—601, 
January, 1920. Electrical Review, 85, рр. 808—809, 
December, -1919, Abstract.) 


Paper read before the Wireless Society of London. For abstract see КАРІО 
REVIEW, I, pp. 181—185, January, 1920. 


435. Wuy TICKLER COILS ARE INEFFICIENT FOR Lonc UNDAMPED 
Waves. (Everyday Engineering Magazine, 8, p. 104, 
November, 1919.) | 

Resonance curves are given showing the loss of energy at the receiver 
brought about by the detuning necessary to obtain an audible heterodyne 
note at long wavelengths. The use of a separate heterodyne is advocated 
for long wavelengths in order to reduce this loss. -` 


436. RecorpEer. L. Williams. (French Patent 497912, April 7th, 
1919. Published December 2oth, 1919.) 

The invention consists of an electrically operated recording or reproducing 
instrument which may be employed for producing a record of the number 
and character of electric waves produced in wireless telegraphy. The 
marking fluid is contained in a well having a fine outlet into which an electrode 
dips, and the arrangement is such that when current flows between the 
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electrode and the well, the fluid is expelled and thus indicates the passage of 
the current by the mark on a recording strip. 
For further particulars of this invention, see British Patent No. 123220. 


437. Tue Рнотоскарніс Recorpinc or WrireELEss MEssacEs. 
(Génie Civil, 75, p. 387, October, 1919.) 

Describes apparatus developed by the General Electric Company (U.S.A). 

458. Tue Uss or THE THREE-ELECTRODE VALVE As А RELAY. 

W. H. Eccles and F. W. Jordan. (Revue Générale de 

l Électricité, 6, p. 812, December, 1919. L Elettrotecnica, 7, 

p. 82, February 15th, 1920. Radio Amateur News, 1, 


P. 349, January, 1920, Abstract.) 

Abstract of paper read before the British Association (see Клріо КЕУІЕУУ, 
I, pp. 143—146, December, 1919). 

439. RECORDING OscILLOGRAPHS AND AMPLIFIERS OF EXTREMELY 
Low FREQUENCY ; THEIR APPLICATION TO THE RECORDING 
OF RADIOTELEGRAPHIC SiGNALS. H. Abraham and E. 
Bloch. (Revue Générale de Électricité, 7, pp. 211—222; 
pp. 255—272, February 14th and 21st, 1920.) 

Reviews critically all the methods previously used for the automatic regis- 
tration of wireless signals and describes successful experiments made in 
1916-18 for the French Army with valve amplifiers and Morse and other 
recording apparatus. The latter require working currents of the order of 
one milliampere and to reach this value the valve amplification must be 
pushed to a maximum. This has been done by a combination of H.F. and 
L.F. amplifiers, the resultant Morse signals being amplified by special instru- 
ments designed for extremely low frequencies so that the rhythm of the 
signals can be followed. 

For reception a coil was used in place of an ordinary antenna because it 
was found possible to eliminate the effects of strays more completely by 
taking advantage of the radiogoniometric properties of the former. Most 
of the work was done with a circular coil 1-2 metres in diameter, and having 
40 turns 14 mm. apart. : 

The two French military amplifiers types R, and Rg are described. The 
type R, is a nine valve arrangement, resistance coupled, and can be used as 
an autodyne receiver. The type Ё, is an eight valve amplifier of superior 
design with both resistance,and capacity coupling. Its special features are 
(а) the arrangement of connecting leads inside the amplifier case, and 
(b) the high resistance pancake coils which are included in the anode circuits 
and prevent instability. "This instrument is designed to give maximum 
amplification on wavelength between 3,000 and 6,000 metres. A separate 
heterodyne must be used with it. 

Two other novel types of amplifiers have been devised—one for extremely 
low frequencies and one for continuous currents. In the first type the con- 
nections between successive valves are made by means of condensers of 0-1 or 
0-2 mfd. capacity. Each condenser is thus included in a high resistance cir- 


458 THE RADIO REVIEW Vor. 1. 


cuit of several megohms and thus possesses a time constant which may be as 
large as several seconds. Hence, oscillations, the period of which is less than 
this amount will be efficiently amplified by this arrangement. In all cases 
the linking condensers are made as small as the rhythm of the signal currents 
will allow. For example, for the reception of signals sent by hand 0°5 mfd. 
is used ; in the case of automatically sent signals of 40 or 50 words a minute 
0:1 mfd. is sufficient. Experience shows that it is a good plan to shunt the 
anode circuit resistance (60,000 ohms) with capacities of the order of 0-25 mfd. 
in order to prevent reaction between this amplifier and the ordinary audio- 
frequency amplifier which precedes it in the stages of amplification. 

The second type—the continuous current amplifier—will function at all 
frequencies. It is of the resistance coupled type but a battery is included in 
the wire connecting the high resistance in the anode circuit of one valve to 
the grid of the next so that the grid potential may be maintained at its most 
favourable value. 


The recording apparatus used was specially designed for the work, and was 
of the moving iron type as it was not possible to get a moving coil instrument 
of sufficiently short period to respond with a milliwatt. The principle on 
which the recorder works is similar to that of a quadrant electrometer except 
that its aetion is magnetic instead of electric. A diagram of the essential 
parts is shown in Fig. 4, where A is a permanent magnet which has for its 
pole pieces the cores of two electromagnets BB, each with two coils arranged 
so that the magnetic force is radial. А rotor R of iron is placed along the axis. 
Its form is such that it is nearly in indifferent equilibrium between the poles. 
A spring of variable tension gives it a position of stable equilibrium. The 
connections between the four coils are made in such a way that the passage 
of the current which augments the field due to one pole diminishes that due 
to the two adjacent poles and augments the one opposite. The rotor thus 
tends to turn in the direction of the stronger field. The moving iron cannot 
carry the pen (which produces a trace on smoked paper) directly, but causes 
the trace with the aid of an intermediary lever. 

Most of the large European stations have been recorded using the amplify- 
ing assembly and this recorder (examples of Morse and oscillograph types are 
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given), no trouble with atmospherics being experienced. For the American 
stations regenerative circuits and very sharp tuning are necessary. The 
amplification is made so enormous that the anode current of the last valve 
reaches saturation value during a signal. This current is not altered by any 
strays however strong the latter might be. During the intervals between 
the signals the grid of the last valve becomes strongly negative and a stray 
of moderate intensity has not sufficient effect to cause this potential to mount 
to zero. Moreover, in the case of two sets of signals simultaneously heard 
on a telephone set, but sufficiently unequal in intensity, the record of the 
stronger signals only is obtained on the oscillograph. 


440. “ RECEPTION THROUGH STATIC AND INTERFERENCE,” BY 
R. А. Weacant. L. de Forest. (Proceedings of the Insti- 
tute of Radio Engineers, 7, pp. 543—553, October, 1919.) 
A critical discussion (mainly adverse) by Lee de Forest of the above paper.* 
Weagant’s reply is included. 


441. My Inventions (УІ). N. Tesla. (Electrical Experimenter, 
7, p. 506, October, 1919.) 

This instalment contains a criticism of Weagant's claims in respect to his 
X-stopper.* Tesla states that artificial and natural ztheric disturbances 
are propagated in exactly the same way, both setting up electromotive forces 
in a horizontal as well as in a vertical sense. 


442. Tue Онт-Сонтког Receiver. R. E. Thompson. (Proceed- 
ings of the Institute of Radio Engineers, 7, рр. 499—516, 
October, 1919.) 

Proposes a design for a receiver which will provide a gradual and cop- 
tinuous sweep from the shortest to the longest wavelengths within the range 
of the instrument. A set of capacity and inductance switches are geared 
together and controlled by a single handle to provide continuous variation 
of circuit frequency. The use of a motor for turning this handle is proposed. 
To prevent the continual jamming produced by ship-to-shore and ship-to-ship 
communication on one wavelength, it is proposed that ships should use 
different wavelengths and be fitted with a uni-control receiver. 


443. STANDARDISATION OF RecEIVER WAVELENGTH RANGES. 

(Everyday Engineering Magazine, 8, p. 116, November, 

1919.) " " 

A plea for the more accurate definition of the wavelength ranges of receiving 

apparatus. Five classes of receivers are suggested for wavelength ranges 
between 60 and 20,000 metres. 


444. Tue Новорноме. (Electrical Review, 85, p. 767, December, 
1919.) 


A description is given of a compact receiving set specially designed for 
receiving time signals sent from the Eiffel Tower radio station. 


ж See Rapio Review Abstract No. 18. 
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445. THE Unirep States Navat CoMwuNicATION SERVICE. 
2-6. W. Bryant. (Journal of the Franklin Institute, 188, 
pp. 751—770, December, 1919. Technical Review, 6, 

p. 226, March 2nd, 1920.) 

The U.S. Naval Radio Service was established in 1912. Its name was 
subsequently altered to the “ Naval Communication Service” while at the 
same time the scope of its activities was extended to cover both wire and 
cable communications as well as wireless. 

This article summarises the work of this department, and deals particu- 
larly with its activities during the war, especially in connection with U.S. 
communications to- and from Europe and in the establishment of radio- 
compass stations and also centralised control stations for regulating the 
working of groups of radio stations in congested areas.* 


446. THE Procress oF WIRELESS TELEGRAPHY DURING THE 
War. J. Bion. (Technique Moderne, 11, pp. 417—423, 
October, 1919.) 

The rapid development of continuous wave radio work during the war 
seems to indicate that soon only C.W. will be employed in practical working. 
The improvements made in the three-electrode valve have enabled it to be 
used as an ultra-sensitive detector and amplifier, and have also enabled great 
strides to be made in low power radiotelephonic work. Wireless direction 
finding has also been developed and considerable accuracy is now obtainable. 


447. THE WIRELESS TELEGRAPH APPARATUS OF THE GERMAN 
Army. A. Salomon. (Revue Générale de P Électricité, 6, 
рр. 833—843, December, 1919. Electrical World, 75, p. 
909, April 17th, 1920.) 
The following apparatus is described and illustrated :— 
Telefunken Dynamo-Alternator, giving D.C. and 540 — A.C. 
Telefunken and Bosch Alternators for Aircraft, etc. 
Pedal and Handcrank Driving Apparatus for Generators. 
Deutsche Telephonwerke combined Transmitting and Receiving Set. 
Telefunken Receiving Apparatus. 
Deutsche Telephonwerke Complete Receiving Set. 
Two-stage and Four-stage Valve Amplifiers, 
Earth Telegraphy Apparatus. 


448. A New TRANSFORMER AND Оп, CONDENSER. (Everyday | 
Engineering Magazine, 8, p. 107, November, 1919.) 
449. STANDARDISED Апотон CowTRoL Pawrrs. M. B. Sleeper 
(Everyday Engineering Magazine, 8, pp. 102—103, November 
1919. 
Constructional details and illustrations of panels for mounting audions o 
experimental purposes. 


* See also Каріо Review Abstract No. 360. 
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450. WIRELESS IN WARTIME GERMANY. (Sctentific American, 121, 
p. 575, December, 1919.) 


À short note summarising some of the wartime developments in Germany. 
It is mentioned that the capacity of the Goldschmidt machine at Eilvese was 
increased to 800 kw. towards the end of the war. Methods of double sending 
with two transmitters acting on one antenna were also developed. 


451. Lone Distance Каро Communication iN Cute. Е. W. 
Fielding. (Proceedings of the Institute of Radio Engineers, 
8, pp. 59—63, February, 1920.) | 
A detailed description of the construction and working of the Chilean 
radio stations at Llanquihue and Punta Arenas. 


452. THE SuBMARINE’s Гмрек-УУлтек Каро. (Electrical Experi- 
menter, 7, р. 539, October, 1919.) 


An account of experiments and developments due to the Bureau of 
Standards, leading to a system of wireless transmission and reception during 
submergence.* 


453. A Loop or Wire. W. J. Henry. (Scientific American, 
120, p. 368, October, 1919.) 


A popular account of the use of loop aerials in trench wireless sets. 


454. Нот-УУіке TzLEPHoNrs. A. Williams апа L. D. Williams. 
(British Patent 131258, May, 1919. Patent accepted, 
August 218г, 1919.) | 


Describes various arrangements of metal-foil heatersfor thermal telephones. 


455. IMPROVEMENTS IN IxpucrANcE Corrs. Н. А. Ewen. (British 
Patent 133513, November, 1918. Patent accepted, October 
16th, 1919.) 

The special feature claimed in this patent is the use of a metal strip of 
U-shape section which is wound up to form the inductance. The edges of 
the strip may be embedded wholly or partly in an insulated material to 
provide mechanical support, and connection is made to any point of the strip 
by means of a plug fitting between the adjacent sides of the U. 


456. “ Tug ELECTRICAL OPERATION AND MECHANICAL DESIGN oF 
AN Imputse Excitation Mutti-Spark Grouer Rapio 
TRANSMITTER,” ву B. WasuiNcToN. Е. W. Stone. (Pro- 
ceedings of the Institute of Radio Engineers, 7, pp. 541—542, 
October, 1919.) 

A further discussion of the paper with the above title. 


* See also Rapto Review Abstract No. 85. 
t See also Rapro Review Abstract No. 8. 
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457. Етксткіс CowpENsERs. W. Н. Edridge and E. E. С. Boite. 
(British Patent 130667, March 8th, 1918. Patent accepted, 
August 14th, 1919.) 

The arrangement described provides for fine adjustment of the capacity of 
variable condensers of the vane type by means of a worm wheel mounted 
upon the spindle of the condenser. An auxiliary handle serves to turn the 
worm through a friction drive. Means is provided for disengaging the worm 
and wheel when desired. 


458. ConpEnsErs. W. H. Edridge and E. E. G. Boite. (French 
Patent 497970, March 8th, 1919. Published December 23rd, 
IQI 


This specification describes variable condensers for wireless telegraphy 
and telephony. 
For further particulars, see British Patent No. 130667.* 


459. TELEMECHANICAL CoMMUTATOR. К. Martin. (French Patent 
693368, April 20th, 1916. Published August 7th, 1919. 
Revue Générale de P Électricité, т, p. 1180, April 1oth, 1920, 
Abstract.) 
Arrangements are described for the control of any form of distant appa- 
ratus by wireless. A special form of relay is employed. 


460. ELECTRIC RESISTANCES, SENSITIVE TO Licut. Т. W. Case. 
(British Patents 133403 and 133404, September, 1918. 
Patents accepted, October 1oth, 1919.) 

A compound comprising thallium and sulphur, preferably thallium-oxy- 
sulphide, is described for use in a photophone receiver. The second patent 
deals with constructional details and with the mounting of the sensitive 
material. 


461. Navar ArrcrarT Rapio. T. Johnson, Jr. (Proceedings 
of the Institute of Radio Engineers, 8, pp. 3—58, February, 
1920.) 

Experiments on the use of wireless by naval aircraft have been carried out 
by the United States Navy Department from 1912 onwards. The results of 
early work are summarised and the modern standard transmitting telegraph 
and telephone sets described. Of the spark transmitters now in use two are 
of the same design—synchronous rotary spark. These sets are mounted in 
a stream line case on the wing of the flying boat, the generator and spark gap 
being driven by a small propeller. Wavelengths from 200 to 500 metres are 
available in one set and from 335 to 425 metres in the other. Another 
standard transmitter is of the impact excitation type (two tungsten gaps 
in series) designed for work on 375 metres only. 

In the description of the standard service transmitting valves the question 
of Wehnelt coated filaments versus tungsten filaments is discussed, the 


ж Rapio Review Abstract No. 457. 
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evidence being in favour of the former for very low power transmitters and 
the latter for high power work. 

For use on telephone sets a microphonic transmitter has been specially 
designed which is so mounted that it is exposed on both sides to extraneous 
noise vibrations and only affected by the directional impulses of the voice 
from one side. In order to prevent the carbon granule from falling away from 
the front electrode when the transmitter is held in a horizontal position the 
button is mounted at an angle of 30 degrees with the diaphragm. 

To enable transmission to be carried on from the craft while resting on the 


Е = 


Fic. 5. 


water a storage battery is used which is charged by means of а generator 
which is driven whenever the engine is running. The same fundamental 
circuit (see Fig. 5) is used for all craft and provides communication by either 
continuous wave telegraphy, buzzer-modulated telegraphy or telephony. 

For continuous wave telegraphy the tube V, is used as “ oscillator," the 
telegraph key being inserted in the grid leak R. The tube V, is used as a 
“ modulator.” The buzzer B and the microphone М are interchangeable 
by means of a switch, S. The output of the microphone transformer T is 
impressed on the grid of the modulator and the output of the modulator is 
introduced in the anode circuit of the oscillating tube through the incan- 
descent lamp P, and the iron cored inductance Ly. The flickering of the 
incandescent lamp indicates the correct functioning of the modulator tube. 

The method of determining airplane antenna constants, using a calibrated 
valve oscillator is described. 
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2. Books. 


TELEPHONIC TRANSMISSION, Theoretical and Applied. By J.G. 
Hill, Assistant Staff Engineer, General Post Office, London. 
(London: Longmans, Green (9 Co., 1920. Pp. xvi. + 393. 
Price 215. net.) 

Mr. Hill's book is almost entirely concerned with the one feature of wire 
telephony which is absent in radio transmission. It is an exposition of the 
theoretical development and practical application of the laws governing the 
transmission of currents from sending to receiving station along the wires 
connecting them. Yet it should have much interest for the radio engineer 
from both the theoretical and the practical points of view. On the theo- 
retical side, the problems of wire telephony involve the general case of current 
propagation. Resistance, leakance, inductance, capacitance, must all be 
taken into account. The wave forms with which the telephone engineer 
must deal are probably the most complex types known in alternating current 
engineering. Тһе frequencies and electrical constants of the circuits lie in 
that medium range in which the energy stored in the magnetic and electric 
fields, and that dissipated in the conductor and the dielectric are of equal 
importance in determining the performance of the circuit. 

In the commercial application of the laws of transmission, the divergencies 
between the techniques of the “ wired " and the “ wireless " branches are 
more marked. Yet the methods by which the results of scientific study are 
reduced to practical rules for ensuring, at minimum cost, proper standards 
of speech transmission and absence of interference in the older branch are of 
considerable interest to any radio engineers who are willing to let their 
imagination speculate upon the probable development of their own branch 
of the art and to consider what form the standardisation which must accom- 
pany development is likely to take. This is an interesting theme, but a 
review is not the place for following it up. 

Previous books on Transmission have been text-books dealing chiefly 
with the application of mathematics to elucidate the theory of transmission 
in the abstract. Breisig, Kenelly, Fleming have all viewed the subject from 
this standpoint. Mr. Hill's book deals with the application of the theory of 
transmission to commercial telephone practice in the concrete. It is a 
manual containing all that a transmission expert has found useful or neces- 
sary in the course of a long experience, revised and condensed into just such 
a book as every specialist feels he would like to compile, or at least to possess, 
on his own subject. 

The arrangement of the theoretical chapters is somewhat novel. The key 
to the treatment adopted is to be found principally in Appendix II., which 
contains an elementary mathematical derivation of the equations represent- 
ing the relations between voltage and current in the steady state in an infinite 
uniform line. These are derived without use of differential equations, and 
the proofs will be appreciated by many to whom the solution of a differential 
equation is the product of a magician's wand, only to be accepted as solid 
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fact after the unsatisfactory test of re-differentiation. The more orthodox 
methods are given in Appendix I. The results of Appendices I. and II. are 
applied in Chapter II. to the simple case of an infinite line under direct 
current. Therules for forming equivalent circuits are established in Appen- 
dix III., and applied to the direct current case of lines of any length with and 
without terminal apparatus in Chapter III. The sequence would be easier 
to grasp if the whole of this matter were included in the text instead of being 
split between text and appendix. Loaded lines and the design of artificial 
cables are dealt with in Chapter IV., still on a direct current basis. Chapter V. 
deals with the nature of alternating speech currents, leading up to the 
application of the previous work to the case of alternating currents in 
Chapter VI. Chapter VII. treats of the difficult subject of reflection and trans- 
mission losses and gains at points of change and impedance. Chapter VIII. 
commences the application of the theory to practical cases and deals with 
the constants of different telephone lines. A long chapter on British Post 
Office practice in loading follows. Methods of measurements on telephone 
lines, with many details of tests and apparatus are described in Chapter X., 
including a particularly interesting reed governor for controlling the speed 
of high frequency alternators. This and the two following chapters on the 
standard cable and its uses and on cost problems in telephonic transmission, 
are unique in the literature of telephone engineering. They show how, by 
reduction of complex formule to expressions seemingly empirical, yet well 
grounded, by admissible approximation, by experimental checks, by stan- 
dardisation of methods and apparatus, and by the use of curves and graphical 
methods, the transmission expert has adapted the work of the mathema- 
tician content with the derivation of an algebraic expression for the use of 
the practical engineer demanding maximum efficiency at minimum cost. 

The last chapter treats of the application of the thermionic amplifier to 
telephone circuits; as one reads it one feels that the changes in practice 
which must follow on the introduction of this long-sought-for speech relay, 
together with the use of ultra-sound frequencies referred to on p. 357, will 
soon call for a second edition of even so complete a book as that under review. . 
Let us hope that by the time this happens telephone engineers will have 
adopted a staridard nomenclature for this new branch of their art. “ Lamp,” 
“valve,” * relay,” “relay lamp " and “ three electrode thermionic valve ” 
are all used where “ triode ” would be applicable and precise. Mr. A. N. 
Whitehead has said (Introduction to Mathematics, p. 88), “ The essential prin- 
ciple involved was quite cléarly enunciated in Wonderland to Alice by 
Humpty Dumpty when he told her, à propos of his use of words, ‘I pay 
them extra and make them mean what І Шке??? But it is wasteful and con- 
fusing to “рау” several words “extra” to make them all mean the same thing. 
If that thing is new, it is far better to employ a new word than to make an 
old one work overtime. 

Mr. Hill and the publishers are to be congratulated upon the care used in 
the preparation of the text and diagrams and on the get-up of the book. 
Misprints are very few and unimportant, and matter, formula and diagrams 
are clearly presented. The close spacing between lines of type is a little 
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irritating, but if the object has been to reduce the size and cost of the volume, 
this can easily be forgiven. | 

The work is the first of a series of Manuals of Telegraph and Telephone 
Engineering prepared mainly by Post Office specialists under the editorship 
of Sir William Slingo. Mr. Hill has set a high standard for his colleagues : 
if they equal or surpass it, this series will form the most comprehensive 
and authoritative source of information available on "Telegraph and 


Telephone practice. 
W. H. Grinstep. 


Cours ЁгёмемтАІКЕ DE TELEGRAPHIE sans Fit. By Georges 
Viard. (Paris: Librairie de P Enseignement Technique. 
1918. Pp. 303. Price 12 fr.) 

This book is based upon a course of lectures given at the Ecole Supérieure 
des Postes et Télégraphes. It is a simple non-mathematical account of the 
development and of the present state of the subject. It presupposes very 
little mathematical or scientific knowledge on the part of the reader. After 
a historical introduction, the first chapter is devoted to definitions and 
examples of force, work, power, conservation of energy, electric and magnetic 
fields, alternating currents, damped oscillations, harmonic analysis, etc. 
Chapters follow on the production and use of damped oscillations, coupling, 
quenched sparks, various charging circuits with D.C. and A.C. supply, the 
production of undamped waves, the nature of electromagnetic waves, 
radiating and absorbing circuits, detectors, the reception of continuous 
waves, radiotelegraphic measurements, constructional details of stations, 
and radiotelephony. 

The book is lucidly written and well illustrated, and can be recommended 
to French readers requiring a comprehensive but non-mathematical descrip- 


tion of the subject. 
| с. W. О. Н. 


Books Received. 


WIRELESS TELEGRAPHY AND TELEPHONY—First Principles, Present Practice and Testing. 
By Н. М. Dowsett, M.I.E.E. (London: Tbe Wireless Press, Lid. 1920. Pp. xxxi. 331. 


Price 9s. net.) 


Correspondence. 
SKIN EFFECT IN SQUARE WIRES. 


To тне Epiror or THE “ Вагшо Review.” 


бік,--Оп page 227 of the issue of February, 1920, you refer to some 
mathematical work by Mr. H. W. Edwards on the skin effect of square 
conductors. In so far as Mr. Edwards’ work has already been treated of by 
the writer in a paper on “ Resistance and Reactance of Massed Rectangular 
Conductors” (see Physical Review for October, 1916) I am at a loss to 
understand the reliance placed upon the former’s work. 
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The chief difficulty appears to have been that Mr. Edwards assumed a 
form of general solution for his partial differential equation which was 
entirely unwarranted. The physical work on the other hand I have every 


reason to believe was quite admirably done. 
A. Press. 


East Pittsburg, Pa., U.S.A., 
March 30th, 1920. 

[We were acquainted with the paper referred to by Mr. Press, but have 
taken the opportunity of looking through it again to confirm our impression 
that it was not quite satisfactory. On page 417 the author says that the 
only assumption made is that the field in the skin of the conductor has a 
rectangular path conforming to the contour of the conductor. On the 
following page, however, he seems to give up this assumption in favour of 
another, viz. that the current density is the same at all points of the skin. 
However this may be, he concludes with an example of a square conductor 
5 mm. on the side, S = 0-25 and a frequency of 2,000 ; he then states that 
S/f = 3-54 which is an obvious error unless the frequency was 200 and not 
9,000 as stated. His calculated value of R,/R, is 1-8. Now for a round wire 
of equal cross-section R,/R is little greater than 1 for f = 200, and is only 
1-23 for f = 2,000. His calculated value for the square wire is therefore so 
high compared with that for the round as to cast considerable doubt on the 
accuracy of the method. For these reasons we felt justified in omitting 


any reference to the рарег.--Егітов.)| 


EARLY DEVELOPMENTS OF THE THREE-ELECTRODE TUBE. 
To rue Егітов or THE “ Rapio REvIEw.” 


Sir,—In the February issue of the Каро Review, p. 259, M. Marius 
Latour refers to his publication in 1916 of a theory of the three-electrode 
tube, and states that this * theory is now classical and has been reproduced 
and possibly developed, by different authors (Hazeltine, van der Bijl, Carson, 
Ballantine, etc.).” 

I am not disposed to be drawn into polemical discussions on questions of 
priority, for obvious reasons. It will naturally not be easy to give proper 
credit as far as priority of developments in Europe is concerned, because there 
the three-electrode thermionic tube was developed by the stimulus of war 
exigencies, and the publication of the results was naturally withheld for 
military reasons. Now that the war is over we find that the British, French, 
Germans, and others have made valuable contributions to this art during the 
period of the war. As regards the elementary theory of operations of the 
three-electrode tube, there can be no question of priority. M. Latour's paper 
appeared several years after the fundamental problems connected with the 
operation of this type of device had all been solved in the United States, 
where the investigations were stimulated, not by the war, but prior to the 
war, by the requirements of satisfactory telephone service over extensive 
regions, 
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M. Latour does not seem to be cognisant of the fact that high-vacuum three- 
electrode or audion tubes have been in commercial service since the summer 
of 1914 as telephone repeaters on the long-distance lines of the Bell Telephone 
System. It stands to reason that the use of such a device in such an intricate 
system of telephone communication, which involves lines stretching over 
several thousand miles, thus necessitating the use of several repeaters in 
series, must be preceded by a solution of the theory of operation of the 
device, the problem of its design, and the design of transformers and circuits 
with which the tube is to operate. The successful transmission of speech by 
radio telephone from Arlington, U.S., to Paris and Honolulu, in 1915, with a 
system which involved the use of high-power, high-vacuum, three-electrode 
tubes was the culmination of an extended series of investigations carried on 
by the engineers of the American Telephone and Telegraph Company and 
the Western Electric Company. The success of these experiments was the 
direct result of a thorough understanding on the part of these engineers of 
the theory of operation of the three-electrode tube as amplifier, detector, 
modulator, and oscillation generator. 

The theory of the tube which I published was worked out by me in the 
winter of I913 to 1914, and has been used ever since by the Western Electric 
Company in the design of tubes and their attending circuits. This work 
was based on careful investigations carried out by H. D. Arnold, during the 
years 1912 and 1913 on the characteristics of three-electrode tubes. 
(Langmuir and other engineers of the General Electric Company had also 
about that time studied the characteristics of three-electrode tubes, but this 
work was not known to me at the time I derived the amplification equations 
of the tube.) Furthermore, as early as 1914 I had established equations 
giving the relations between the electrical constants of the tube and its 
structural parameters. These equations have been used in the design of 
Western Electric tubessince then, and, as a matter of fact, the type of tube of 
which thousands are used to-day on the telephone lines of the Bell System 
has-exactly:the same electrical constants as the first tubes that were used 
commercially іп 1914. In spite of this early work, I would, in justice to 
M. Latour, certainly have mentioned his 1916 paper in some of my publica- 
tions, if I'had:- known of it. . ue 

As regards the type of tube having a cylindrical structure placed hori- 
zontally above the press, and which M. Latour insists on calling a “ French 
valve," I may say that this type of tube has exactly the same structure and 
arrangement as one of the very first types designed by me. My purpose in 
placing the structure horizontally above the press was merely to facilitate 
the manufacture. I have found, however, that it is not as good a structure 
as other Western Electric types by which it has been replaced some six 
years ago. 

The tubes developed and manufactured by the Western Electric Company 
are not and have never been “ tubes without high vacuum " or so-called 
“soft valves"? as M. Latour states in a paper in the Société Française des 
Électriciens, 1919. These tubes are and have been from the beginning 
evacuated to such an extent that gas plays no part in the operation of the 


^A 
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tube. The necessity for this condition was recognised by H. D. Arnold in 
1912. | 
‘ H. J. van рев BIJL. 
New York, N.Y., 
March 16th, 1920. 


4 be above letter has been submitted to M. Latour, who bas replied as follows :— 
То THE Eprror or THE “ Rapro Review.” | 


S1R,—1 beg to call the attention of Mr. H. J. van der Bijl to the fact that 
any public claim of priority must be based on published documents such as 
papers or patent specifications. 

Although I feel perfectly sure of the high personal ability of Mr. H. J. van 
der Bijl I cannot consider the fact that American engineers had built valve 
amplifiers for commercial use in 1914 as sufficient to prove beyond doubt 
that they had developed at that time the theory of the three-electrode valve 
now under discussion. I should say that any one working with valve 
amplifers would be led after long tests to an amplification of telephonic 
currents. The intricacy of the system of telephone communication referred 
to by Mr. H. J. van der Bijl may introduce difficulties inherent to the use 
of repeaters on telephone lines but these difficulties are irrelevant to the 
theory under discussion. 

As a matter of fact the operation of the three-electrode valve as an ampli- 
fier has been known since the issue of the American Patent No. 841387 of 
Lee de Forest in 1907, and the issue of the European Patents of von Lieben 
and Reisz. It was possible therefore for American engineers to disclose 
from 1907 to 1916 the general theory of the three-electrode valve expounded 
in my paper of 1916. As the American technical Press has been silent on 
this rather mathematical subject up to 1918 I consider my priority now 
recojgnised in American publications as being completely established. 

| Marius LATOUR. 
Parts, 


April 12th, 1920. 


THE KALLIROTRON, AN APERIODIC NEGATIVE RESISTANCE 
TRIODE COMBINATION. 


To тне Егітов or THE “ Rapio Review." 


бік,--Іп Captain L. B. Turner's paper on the Kallirotron in your April 
issue an approximation is made which simplifies equation (16) into equation 
(17) on page 326 but which is not legitimate for the numerical values given on 
vage 327 inasmuch as equation (16) makes m = oo, while equation (17) gives 
m= — 8. 


оо 
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The author’s point can, however, be proved in the following manner. If 
equation (16) is inverted, numerator and denominator multiplied by 4409, 
a, replaced by «(1 + е) and а, by a, (1 — e) as described on p. 327, and 
finally g/a replaced by v, as suggested by Captain Turner in his letter in the 
March issue, we find 
VLA eg + 9x3 — (viva — 1) 77%19 + (7104 — Tata) e + (viva — 1) 71701056 
т 17101 F (va F 1) 0171700 + У171016- (Ve + 1) 17е? 

If the algebraical division is performed, we obtain 


1 
(nes i fao = на) е + (v. == 1 -+- tM) 7106262 


1 1 
— = — ---------------------<- 
т p i г yy + (va + 1) у1717010 + туточе — (va + 1) у171701096 
where 1 А 1 + 1104 + 790% = (viva == 1) 71720102 
Ш у17104 + (va + 1) 1717209 


p has exactly the same meaning as in the paper, namely the amplification for 
infinitely weak signals. 

As the two resistances 7, and 7, are independent, they may be adjusted 
so as to satisfy two conditions. Let one be to make p as large as possible 


; ; a 710 
without endangering stability and the other to make туд — fata — 21 = 0 
If we assume that e is so small that powers higher than the square may be 
neglected (e is of course not a voltage, but a ratio of voltages, and thus 
dimensionless), we finally get 


V l)v 
l1 1 p E 
m p vita + (vg + 1) 71717910 
Under practical working conditions the coefficient of е? is positive, so that 
i 
/ 


' whatever the sign of e may be, Е: > 5 orm <p. 


f 


С. BRAMWELL ÉHRENBORG. 
Croydon, 
April gth, 1920. 


The above letter has been submitted to Capt. L. B. Turner, who has replied 
as follows :— 


To THE EDITOR or THE “ RApiro Review.” 


Srr,—Mr. Ehrenborg’s criticism in his letter of the 9th inst. is justified. ! 
I regret I did not notice that, as he points out, the rough approximation by 
which expression (16) is simplified into expression (17) may lead to incon- | 
sistent results. 

But it is not necessary to use expression (17) in order to arrive at a 
numerical demonstration of the limiter-amplifier property of the Kallirotron* 
in the symmetrical case (r, = 7 = 7) investigated in my papèr. We сар 
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calculate almost as simply from the accurate expression (16) directly. This 
is of the form 
AtB 


C—B 

where A and C vary with the signal strength e, and when e = 0 are each 

very nearly equal to B, which does not vary with e. The exact values of 

A and B therefore do not matter, and we have only to examine the values 

assumed by m as C slightly changes under the action of the signal. 
Retaining the approximation that 1/(1 — e?) = (1 + e2), and taking the 


10 
X expression (16) 


m= 


numerical values of page 327 which make B = 
becomes 
та 2В m 
B "ITI С l-F 0-49 pe- 
u EH € «2 + ри 
where as before u is the magnification with indefinitely weak signals. There- 
fore 
He 
me = TF 049 get 
The formula reached at the top of page 328, from which Table 3 was cal- 
culated, is 
iesus D rr 
~ 1+ 0-42 ре?" 
Hence Table 3 stands almost unchanged, the slight error there is being in the 
direction to disfavour the limiting effect. 

Mr. Ehrenborg’s analysis leads him to an unsymmetrical arrangement in 
which 71 Æ fə Whether this is a useful arrangement can only be seen by 
carrying the calculation a little further than he has gone. He shows that in 
his arrangement m < u whatever the sign of e (as 1s the case, of course, in 
my symmetrical arrangement) ; but for the limiter effect the more stringent 
condition must be satisfied that me reaches a maximum as e increases. 

L. B. Turner. 

King’s College, Cambridge, 

April 23rd, 1920. 


To THE Егітов or THE “ Rapio REVIEW.” 


S1r,—Referring to the last paper of Mr. L. B. Turner in your issue of 
April, 1920, I beg to call the attention of your readers to my French patents 
No. 491186 (1915), and No. 501472 (1918). 

In the last patent I describe an aperiodic resistance amplifier built with an 
even number of valves (two) and acting as a negative resistance, or more 
generally as a negative impedance of any desired nature, according to the 
accompanying diagram. 

The plate batteries may be divided into two parts, one of which B, or B,’ 
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counterbalances the ohmic drop of the mean plate current in resistance 
R or R'. The nature and the value of the auxiliary impedance Z determine 


ien ih 
^ 


the nature and the value of the negative impedance appearing between 
terminals a b. 

I have been the first to introduce the idea of negative resistance in the 
conception of certain amplifier connections,—see also my earlier patents 


with Weintraub (1907). 


a b 


Marius LATOUR. 
Paris, 


April 19th, 1920. 
TRIODE NOMENCLATURE AND SYMBOLS. 


To тне Егітов or THE “ Rapio Review.” 


Sir,—With reference to the letter of Captain Turner in the March issue of 
the Каро Review relative to Triode Nomenclature and Symbols, may I 
suggest that the letter g be associated preferably with the conception of 
electrical conductance where the voltage and current refer to the same 
circuit ? From this standpoint I am fully in accord with the suggestion of 
. Captain Turner relative to his symbols ду and да. 

The notable suggestion of Mr. Appleton, relative to the function 0%,/0vy 
being called mutual conductance, is, I feel, a very beneficial one, but I would 
suggest similarly that the function 0%/0% be likewise distinguished as the 
conjugate mutual conductance. Such designation was employed in my paper 
on Triode Constants in the Electrician of January 9th, 1920. It would be 
in keeping with the above if such mutual conductances were distinguished 
by the character m rather than the character а as referred to by Captain 
Turner. Thus, I would write the mutual conductance of Mr. Appleton as 
та and the conjugate mutual conductance 0t/0v, as my. The time has come 
when some more or less common system of nomenclature is essential to the art. 


A. Press. 


East Pittsburg, Pa., d 
April 12th, 1920. 
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Notes on the Theory and Calculation of Audio 
Frequency Valve Magnifiers.* 


Ву 7. K. CATTERSON-SMITH, M.I.E.E. 


SYNOPSIS. 


The article deals with troubles which arise through the self-capacity of the windings of 
transformers used in valve magnifiers. The theory of the valve and transformer coupling 
is developed and formule derived for use in calculating the windings and the size of the iron 
core. А first approximation for the capacity between layers is given. 


The presence of capacity in the windings of the transformers used for 
coupling the valves in magnifiers is frequently a cause of difficulty in opera- 
tion ; this is especially the case when the magnifier is intended to be aperiodic. 

There appears to be a scarcity at present of data for guidance in respect 
to the predetermination of this capacity and in consequence the decision 
as to the suitability or otherwise of a given transformer is usually made on 
empirical grounds. It is hoped that in the near future experimental data 
will be forthcoming so that more exact ,design may be carried out than is 
possible at present, the writer's experience being that the formula which is 
quoted below results in discrepancies between the calculated and the 
observed “ self-capacity " of the windings. 

A rough outline of the problem is set out below and some indication is 
given of the magnitude of the quantities; before proceeding to consider 
this it is advisable to review the conditions governing the design of the 
windings themselves for operation with a given type of valve. 

The usual arrangement of the **intervalve ” transformer is indicated in 
Fig. 1 for one stage of a magnifier. The magnification being obtained partly 
by the amplification at the valve and partly by the “ step-up " of the trans- 
former, the combination giving the voltage “ step-up " per stage. 

The number of turns in the windings for a given iron core depends upon 


* Paper received in final form March 29th, 1920. 
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the valves with which the transformer is to be used, and it is most fortunate 
that the conditions are not so complicated as they appear. 

The writer has made use of the now well-known valve characteristics to 
formulate the expressions given below for the design of the windings for the 
transforniers suitable for the “hard ” valves in common use. 

It is well not to lose sight of the fact that the ever-present danger of 
oscillations due to “ self-capacity " makes it most important not to over- 
estimate the closeness with which the design may be carried out. 

The symbols employed for the valve characteristics are :— 

kı = slope of “ anode current—grid voltage ” curve, 
Ко = slope of “ anode current—anode voltage ” curve, 
Ка = slope of “ grid current—grid voltage " curve, 
k, = slope of * grid current—anode voltage ” curve, 
and m = kilka 
Referring to Fig. 1 it will be seen that the load on the secondary of the 


6 à 
E dpi 


т АШИ 
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Fic. г. 


transformer is the alternating grid-current, taken by the second valve, at 
the alternating grid-voltage v and this depends upon the slope Ж of “ the 
grid current—grid voltage? characteristic. Theloadis determined, therefore, 
by the resistance Ry = 1/k, if any small effects due to “k,” are ignored. 
The resistance of the load Ву appears in the primary side of the transformer 


1 . ; 
as Ry. p where 7 is the transformation ratio or (secondary turns)/(primary 


turns) for an iron-cored transformer. 

The total primary current is made up of two components at 1-репод 
phase difference, viz., ?, the magnetising current lagging 9o? to the primary 
voltage and 4, the load component which is in phase with the primary 
voltage. The primary voltage is the alternating anode voltage V. 

Thus the anode current is :— 


—— eee 


І = Уі | 1,2 = 12 lagging by the angle ф 
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2 
where cos ф = 2 n and Z is the equivalent impedance of the loaded trans- 
g 


former, or 


——————— 


iie Gy Gy 


The above conditions are represented by the “ equivalent circuit ? diagram 


I-——* 


ANODE 
Trl 


Fic. 2. 


of Fig. 2 and the phase relations are as shown in Fig. 3. It is clear that the 
anode current lags by ф to the anode alternating voltage and a little con- 
sideration of the problem will show that the anode current lags by a different 


ф FLUX 


Fic. 3. 


angle, viz., у to the alternating grid-voltage; this relationship is indicated 
in Fig. 4.* "The instantaneous values in terms of kand ka for the valve are 
therefore expressed by :— 
я | : Fs = Кі Vinst Кә V inst . . » . . ° . . (1) 
іп which Linse = Imaz. sin 
Фа = Umar » SIN (8 + у) 
e vector 9 representing the “ grid-voltage" is really at 180? to the position shown 
in Fig. 4. 


РР 2 
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V inst = P maze sin (0 E ф) 
and: Вр 1226. 


The foregoing relations may be substituted in equation (1) to find at what 
value of 0 the grid voltage attains its crest value and it 1s found that the 
grid voltage is a minimum when 


1 
0 — чара + cos $} + sind ..... (2) 
Calling this value 0, gives  — (90 — 0). 


ANODE 
CURRENT 


Fic. 4. 


The amplification at the valve is the ratio of the alternating anode voltage 


to the alternating grid voltage ort and the voltage at the grid of the succeed- 


. е * е V 
ing valve is 7 times greater, thus the voltage “ step-up per stage” is г. " 


which is denoted by the symbol Y. Putting m for k,/k, it is a simple matter 
to derive from equation (1) the voltage step-up per stage 


Y=m.r. Z cos __ 
Белі 


and then substituting for ij and ¢ the step-up is 


= 2 "PT 


The graphs of this equation for various values of reactance wL show that the 
step-up Y reaches a maximum for a definite ratio r. 
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Two cases are of interest :— 
Case I.—When wL is infinite the step-up attains its crest value when 


r= МКВ or МЕЈ, and then 
ql re е 5 а а кола (8) 

With ordinary valves this may be a good deal greater than the amplification 
obtained with a plain resistance coupling which approaches m as its limiting 
value. 

The magnetising current 1s zero and both cos¢ and cos¢% are unity; the 
transformer behaving as an “ideal” transformer giving the theoretical 
upper limit of the magnification per stage for an aperiodic magnifier. 

Equation (4) will be found of use for gauging the possibilities of a given 
valve for use as a magnifier and for general work as an approximation 
avoiding the more cumbersome equations of the following case. 

Case 1I.—The practical value of the reactance wL is of the order of 50,000 
or 100,000 ohms and then the step-up must be calculated by means of 
equation (3) for which the correct value of the transformation ratio, by 


putting d — 0, is found to be 


r= „| CUM (Ey. oho 2 6 HO 


The graphs for low values of wL, given by equation (3), are flattened and 
consequently the magnification is not nearly so sensitive to r, nevertheless r 
is always lower than might be expected and in practice appears limited to 
about 5 or 10 as an outside figure. 

In the foregoing treatment the effect of resistance drop and drop due to 
magnetic leakage has been left out of consideration for the sake of simplicity 
and because it seems that with the smallest gauges of copper wire the resist- 
ance can be made negligible. The same applies to the leakage drop at the 
exceedingly low values of the field strength in the magnetic circuit. The 
presence of drop in the transformer from either of these causes is of course 
detrimental to the performance of an aperiodic magnifier from the point 
of view of magnification. 

The step-up Ying, obtained from equations (3) and (5) will be a reasonable 
percentage of Y,,. only if w is made sufficiently large. With constants 
for the valves such as Ё, = 300 x 10-5, ka = 30 x 10-6 and ką = 1 х 1079 
amp./volt, or Ә.н = 27, it is essential that wL should not be less than 
50,000 ohms which for « — 5,000, or 800 cycles per second, means an 
inductance of 10 henries in the primary winding. This large inductance 
can be obtained with very small transformers by the use of some thousands 
of turns. The following expression is useful in this connection :— 


the inductance L = Ф x turns —— $4,. 1078 henries and as 


the density B= pX ыц turns in winding this reduces to 


10° ие length of iron path 


dar iron section 2 m : 
L = 19 P тов length ^ (9209) . 10 henries е. a ө (6) 
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With ordinary alloyed transformer steel u is of the order of 200 to 300 at 
these low magnetisations. It may be remarked that with wL as small as 
0-05 x 109 ohms the magnetising current is only 20 micro-amperes per volt 
and the value of the magnetising force (H) less than a thousandth of unity. 

The best form of core to satisfy equation (6) is one having a high ratio of 
section to length of iron path; such a condition is best met by the ordinary 


* shell type,” Fig. 5, with a square window, 22. А = В = D= L. With 
very small gauge wire the circular form of coil is imperative and this together 
with considerations of convenience in shape leads to the proportions A = 05 
to 0-75D, B —2 to 3D, and L =D with a chamfer if desired. Thus 
ABDL = 1 to 24 x D* which gives the leading dimensions from :— 
0:45 x mV x mA 
ӘП tg An ee Word (7) 
where the dimensions are in centimetres, 
and mV — alternating milli-volts (r.m.s.) on primary. 
mA = total primary current in milli-amps. 
f — cydes per second. 
f; = iron space-factor, 70 per cent. to 90 per cent. 
Ў, = copper space-factor, 20 per cent. approx. 
A = primary current density amps./sq. mm. 
Ваш = flux density per sq. cm. 

From the above it is clear that the number of primary turns will be of 
the order of 5,000 or 10,000 which produces sufficient capacity to cause 
resonance at moderate frequencies, sometimes dangerously near to the 
audio frequency at which the coil is working. 

The winding may be regarded as consisting of an inductance L, a resistance 
R and a capacity C, in series, see Fig. 6, and the problem is to determine the 
capacity C,. This is made up of the capacity between layers and between 
turns. The former appears to be the chief source of the capacity C, which 
giveg trouble at audio frequencies and it only is considered in the following. 
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Treating each layer as though it consisted of square section conductor in 
place of circular wire with a distance ¢ cm. between the layers and п layers 


V : 
WINDING 


of dielectric, Fig. 7 represents a section of two of the layers in a coil 
of axial length B. The voltage per layer of dielectric is V/n and the voltage 
at any elementary section distant x cms. from the junction of the layers 


L 


R Cs 
Vv 
COMPONENTS or WINDING 
Fic. 6. 
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Fic. 7. 
is : X a If the mean radius of the whole coil is r, the capacity of the 
elementary section is ща = » „да, and the charging current for the 
г- В 
whole layer = о. V = On| oF g Ste w. V га. Б 


іш 


thus the self-capacity with a dielectric constant other than 1-0 is :— 


fo. В 

Cs = Е. ina” DL 40 9mfd. ...... ® 

This of course depends upon the validity of some rather broad assumptions 
of which the most serious is that the charging current does not alter the 
distribution of the potential along the layers. The writer has no experience 
of the. use of a more exact expression and as has been mentioned previously 
the capacity given by equation (8) does not invariably tally with that 
observed by means of such a test as is indicated in Fig. 8. The method is 
to set the supply frequency at any desired value by adjustment of C, and then 
alter С, until maximum noise is given by the telephone in series with the 
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transformer under test. Plotting the relation between C, and О, gives a 
straight line cutting the Базе; and if this is extended to intersect the vertical 
axis the intercept is the value of the capacity C,. This is shown in Fig. 9. 


C, 


Fie. 8. 


As an example of the magnitude of this capacity consider a coil of mean 
radius 2-0 cms. having 12 layers 5 cms. in length and £ = 0-0030 cm. for a 
very light cotton spacing between layers. If the coil is impregnated with 


“гс, 


N 


Mro. x i07? 
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paraffin wax the dielectric constant is approximately 2-0, then equation (8) 
gives the self-capacity as :— 

C, = 305 x 1076 mfd. or 0-30 milli-mfd. to which must be.added the 
parallel self-capacity of the secondary making a total of approximately 
0-6 milli-mfd. It is scarcely necessary to add that the turns should be kept 
down and impregnation of the coils avoided, whilst enamel-covered wire 
does not appear to possess any great advantage over silk-covered wire. 


Consistent results are hardly to be expected unless the coils are machine 
wound. 
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On the Effect of Changes in Filament Tempera- 
ture, Grid Potential and Anode Potential on 
the Frequency of the Oscillations Generated 
by a Thermionic Valve." 

Ву W. 4. LEYSHON, B.Sc. 


INTRODUCTION. 


The experiments to be describedt were undertaken in order to find out 
whether (1) a change in the circuit conditions of an oscillating valve pro- 
duced any change in the frequency of the oscillations generated—the oscil- 
lating circuit maintained by the valve being otherwise left unchanged, and 
(2 when it had already been established that such changes occurred, to 
discover to what extent they occurred and in what ways the various causes 
were related to the effects produced. 


A anode. 

G grid. 

F+ positive end of filament. 
F— negative end of filament. 
i,’ anode coil. [Resistance 


L gridcoil. [Resistance 5.) 
Ry filament circuit resistance. 
Pa grid potentiometer. 


C variable condenser in grid 
circuit. А 
Са condenser of large capacity 


shunting B, and V,. 
Се shunting condenser in grid 
circuit. 


Va 

V | anode, grid and filament 

Gr  voltmeters. í 

v.) 

Ag 

А | anode, grid and filament 

8 ammeters. 

Ay 

B, А 

В anode, grid and filament 

G batteries. 

By} 

A, millivoltmeter. 

Ag shunted unipivot galvano- 
meter. 


Fic. г. 


* Received May 3rd, 1920. 

T These experiments were in progress before the publication of the paper by Dr. W. H. 
Eccles and Dr. J. H. Vincent, entitled, “ On the Variations of Wavelength of the Oscillations 
generated by Three-Electrode Thermionic Tubes due to Changes in Filament Current, Plate 
Voltage, Grid Voltage or Coupling" (Proceedings of tbe Royal Society, 96a, рр. 455—465, 
February 3rd, 1920). 

The circuits used were different and the frequency of the oscillations was very much greater 
(of the order of 107 per second) in this case. 


з 
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It was expected that such changes would be small, and a sensitive method 
of detecting them was therefore required. 


DESCRIPTION OF APPARATUS. 


The apparatus used consisted оҒ two high frequency oscillating sets A 
and B, which could be made to heterodyne. A diagram is given (Fig. 1) 
showing the circuit arrangements in B. A differed from B in that a pair of 
high resistance telephones was inserted at X. It was in some cases found 
desirable to insert the telephones in a corresponding point in B. 

In the actual experiments the condenser C was of very small capacity. In 
order to calibrate this a variable condenser C, of larger capacity was placed 
in parallel with it in circuit A and sufficient capacity introduced into circuit 
B to make it possible to obtain a heterodyne note with A. The condenser 
Съ which had previously been calibrated by a bridge method using a vibra- 
tion galvanometer, was then set at successive known values and C adjusted 
until the circuits were in tune. The calibration of C was thus carried out 
by a substitution method. 

The coupling between the oscillation coils of A and B was adjusted to be 
so small that on bringing B into tune with A the resonance point was very 
definite, and an exceedingly small range of capacity (about +35 ри Е) was 
sufficient to cover the “ silence space." 


METHOD or USING THE APPARATUS. 


The condenser C having been calibrated C, was removed and the circuits 
again made to heterodyne. 

It was found that on increasing the filament temperature of valve B the 
heterodyne note entirely disappeared and a new adjustment of C in the 
direction of diminished capacity was necessary in order to bring the circuit 
into resonance with A. 

The changes in effective capacity of the valve resulting from changes in 
filament temperature could thus readily be measured. (The term “ effective 
capacity " may perhaps be regarded as legitimate, in that the changes of 
frequency produced by altering valve conditions may be counteracted by a 
change of capacity of the tuning condenser.) 
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For given values of the anode and grid voltages, curves were obtained for 
valve B showing the variations in the value of the capacity of the balancing 
condenser C with increasing filament current—the frequency of the oscil- 


lations generated being kept constant. 


RESULTS. 


Several valves were tested and although the actual shape of the curve 
between capacity and filament temperature for a given anode and grid 
potential depended on the valve used, similar changes in the shape of the 
curves always resulted on altering these potentials. 
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A set of curves is given in Figs. 2—10 for a valve of the Osram B type, 
showing variations in capacity, and in anode current, with filament tempera- 


tures. 
with the reaction coil cut out—z.e. 
shown. 


For comparison, corresponding values of anode current obtained 


with the valve not oscillating, are also 


The curves showing variation in grid current with increasing filament 


temperature are shown in Fig. 11. 


The grid current with the non-oscillating 


valve was negligible compared with that taken when the valve was oscillating. 


0-5 
FILAMENT E 
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It will be seen that the scale for con- 
denser readings is inverted so that a 
point higher up on the graph corresponds 
to a lower reading of the condenser—the 
curves were drawn in this way to facili- 
tate comparison with the anode current 
curves and with the curves shown in 
Figs. 4, 6, and 8. These latter show the 
variation of the (oscillating) anode cur- 
rent with anode voltage for different 
filament temperatures and were obtained 
from the other curves. 

Curves obtained for the same valve 
after reducing the reaction coil—no 
alteration being made in the coupling— 
are shown in Figs. 12—14. It will be 
noticed, referring to Figs. 2—1 1, that :— 

(1) The slope of the capacity—fila- 
ment-current curve is, for low anode 
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voltages, greatest at low filament temperatures, (In the curves obtained 
fox another valve, the capacity of the condenser C definitely approached а 
lower limit at high filament temperatures.) 
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On the other hand, with higher anode voltages the slope of the capacity 
curve is least at low filament temperatures. 

Similar changes in the shape of the capacity—filament-current curve have 
been observed in the case of every other valve tested under the same circuit 
conditions. 
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Curves with Reaction Coil reduced. Curves with Reaction Coil still further 


reduced (no alteration in coupling between 
anode and grid coils). 


(2) For this particular valve there is a certain amount of instability at a 
temperature corresponding to a filament current of about 0:58 ampere ; 
some time elapses before the frequency of the oscillation for a particular 
condenser setting is constant. A corresponding effect is noticed in the anode 
and grid current curves. It occurs at points where a small change of 
filament temperature produces a large change in the anode and grid currents. 
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(3) The steepness of the anode and grid current curves as compared with 
that of the corresponding curves obtained for the non-oscillating valve is 
very marked. (See Fig. 9.) 

(4) The anode and grid current curves 
for the oscillating valve follow each 
other very closely. я 

Referring to Figs. 12—15, it is seen 
that :— 

(1) The effect of reducing the reaction 
coil is to reduce greatly the slope of the 
capacity—filament-current curve. (See 
Figs. 13 and 14.) 

(2) The grid currents are less than 
those for corresponding voltages with a 
larger reaction coil. (See Figs. 11 
and 15.) 


(3) The anode current 1s not reduced 
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to the same extent as the grid current © e e 
on reducing the reaction coil and leav- В ОВ MENT CURRENT 
ing the other conditions unchanged. Fic. 15. 

Other curves are given (see Figs. 16 Grid Current Curves. 
and 17) showing the effect on the Curve I. corresponds with Fig. 12. 
capacity curve of raising the grid » П. » » Pg 13. 
voltage. » ПІ. Р » Fig. 14. 


It is evident that the shape of the curves showing the relation between 
grid voltage and capacity will be different for different anode voltages and 
filament temperatures. 

Similarly a series of curves anode-voltage—capacity would have to be 
drawn for different grid voltages and filament temperatures in order to 
express completely the relation between these quantities for a given valve 
and associated circuit. 
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Curves for V. 24 Valve showing effect of raising the Grid Voltage. 
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Discussion or RESULTs. 


The observed changes of frequency due to altering the circuit conditions 
of the valve may be due to :•- : 

(1) An alteration in the values of the various “ conductances” of the 
Us: а Eg and Oy where Ug, Ug represent 
дор 0%) 0%; Oa 
anode and grid voltages and 1, % anode and grid currents respectively. 

(2) Ап actual change of capacitance between the valve electrodes. (It 15 
possible that the inductivity of an electron atmosphere, such as that which 
exists in a very hard valve, is not the same as that of a vacuum; in a soft 
valve all gas molecules will tend to collect in the space charge region at high 
filament temperatures where they would tend to increase the inductivity of 
the grid-filament space. This effect, however, would probably be far too 
small to need consideration.) 

It was suggested that the expansion of the filament wire might cause it to 
move appreciably nearer to the grid, and thus alter slightly the effective 
capacity ; by throwing an enlarged image of the filament оп a screen it was 
found that the movement amounted to about 0:3 mm. when the filament 
voltage was altered from 1-4 to 4 volts; this movement is not sufficient to 
account for any large part of the changes in effective capacity that have 
been observed. 


valve, 1.2. of the quantities 


To show how the value of EE affects the frequency of the oscillations 
а 


generated :— 


Let L = Grid circuit inductance (of the order of zouH). 
S = Grid circuit resistance (of the order of 1:5 ohm). 
C = Grid circuit capacity (of the order of 2oupF). 
L’ = Anode circuit inductance (of the order of 20uH). 
S’ = Anode circuit resistance (of the order of 2 ohms). 


2 = Variable part of current in grid oscillatory circuit. 
Ф% = Variable part of voltage on grid. 

а = Variable part of current in anode circuit. 

Фа = Variable part of voltage on anode, 


and let the variable part of the current to the grid in the valve be neglected, 
Then 


y =a | id ah dae: toe ae Ser deu ue 07. 


NK di 
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also Та = аа + 0% whence Та = 
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dig (dts 
where, a = du. and rn 
On solving these e we obtain А 
w? (М? — LL) + 5 + 88 5. = 02.2... (6 
; , 8.1 
mer: На 1 6 


For tight coupling M? — LL’ = (approximately) 0. 


gives the condition for oscillation. 


From (6) 2 = LC + ee < 
о) C 

a 

| 1 aSL'C 

2.4. gi eae ag 


= LC + aSL'C approximately, since aS is 
of the order 10-8 . (8) 
Hence if L, C, M, S’ are constant, an increase in а will lower the ерее. 
In the experiments described о was kept constant. 
On differentiating (8) with respect to filament temperature we Grata 
L.dC + aSL'.dC + SL'C.da = 0. 
The second term is negligible in comparison with L.dC. 
Hence to a first approximation 
| — L.dC = SL'C.da. 
In the experiments described 
L was of the order of 20ИН = 20 x 10? e.m. units. 


dC 45 5 Зи Е = { х 1059 х 107% e.m. units. 
C 25 X 20uuF = 20 x 107% e.m. units. 
S W и: 1:5 ohm = 1:5 x 109 e.m. units. 
L' M à 20uH = 20 x 108 e.m. units. 
da „ 016 x 1012 e.m. units. 
then the left-hand side of the equation = 20 x 108 x 1 x 107%; 
= 5 x 10—18 
and the right-hand side = 1-5 x 10? x 20 x 108 x 20 x 107?! x 0-16 х 10—12 
= 1 x 10-3, 


Thus it is seen that the change in effective capacity is greater than that 
which would be expected from a change in the value of a. 

The curves show that decreasing the reaction coil L’ reduces the change in 
effective capacity produced by altering the filament temperature—the other 
circuit conditions remaining unaltered. This would be expected from the 
relation L.dC = L'SC.da. 

When oscillations of large amplitude are taking place the grid conductance 
becomes appreciable and this grid conductance, in addition to the anode 
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conductance, exercises a damping effect on the grid oscillatory circuit. The 
effect of the grid conductance has been considered in the case of a valve used 
as an amplifier or rectifier by E. V. Appleton,* who showed that minimum 
damping could be obtained by choosing a condenser of suitable capacity for 
the circuit. 

The effect of the increasing grid current is to make the potential oscillation 
greater on the negative than on the positive side; the mean grid potential 
is therefore more negative as the filament temperature is raised, making it 
possible for the “ space charge ” to be formed at lower temperatures than for 
the non-oscillating valve with zero grid potential. This is shown in the 
curves given by the anode and grid currents approaching an upper limit (for 
lower voltages) as the filament temperature is raised. 

The anode circuit itself may be considered as an oscillatory circuit, since 
there is a certain amount of capacitance between the anode and the filament 
ofthe valve. The actual frequency of the oscillations generated will therefore 
depend on the natural frequencies of the two oscillatory circuits and on the 
coupling between them. 

Since the actual changes of anode current produced by altering the fila- 
ment temperature are always much greater than those of the grid current, 
it would be expected that the natural frequency of the anode oscillatory 
circuit would undergo larger changes than that of the grid circuit. It would 
therefore appear that smaller changes in the frequency of the oscillations ` 
generated are likely to occur if the oscillatory circuit is connected to the grid 
of the valve than if it is connected to the anode— provided that the reaction 
coil is sufficiently small. 

SUMMARY OF RESULTS. 

(1) When an oscillatory circuit is maintained by a thermionic valve—the 
circuit being connected to the grid of the valve—changes in the effective 
capacity of the valve are observed on altering the filament temperature. 

(2) On increasing either the steady voltage applied to the anode or that 
applied to the grid of the valve, these changes in effective capacity are 
increased. 

(3) À reduction of the inductance of the reaction coil without altering the 
coupling between it and the oscillatory circuit causes a very appreciable 
diminution in the changes of effective capacity observed. 

(4) The changes—which, in the arrangement employed, correspond to 
changes in effective capacity of the order of o-SuuF—apparently are not 
wholly accounted for by changes in the values of the “ conductances ” of the 
valve. i 

The experiments described have been carried out in the Laboratories of 
Applied Electricity, University of Liverpool. My thanks are due to Professor 
E. W. Marchant, D.Sc., for his help and advice during their progress. 


* E. V. Appleton. “Note on the Effects of Grid Currents in Three Electrode Ionic 
Tubes.” Philosophical Magazine, 37, pp. 129—134, January, 1919. à 
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The Generation of Large Powers at Radio 


Frequencies. 
By THE EDITOR. 


There was a stage in the development of the low-frequency alternate 
current generator when the outstanding feature was diversity of design. 
Armatures were sometimes inside and sometimes outside the field system ; 
the outside member was generally fixed, but in some cases, as at Niagara, 
the inside member was fixed and the outside member rotated around it. 
There was the Lauffen type with claw-poles, the Mordey Victoria with a 
stationary disc armature, the Ferranti with a rotating disc armature and 
various types of inductor alternators. With time came a gradual elimination 
and standardisation, modified only to suit the changing conditions due to 
the introduction of the steam turbine and the gradual growth in the size 
of the units. The early types are now only found in museums and technical 
colleges, and new machines, whether built in this country, in America, in 
France or in Germany, are very similar in the general design, however they 
may differ in detail. 

If at the present time it is decided to build a transmitting station for radio- 
telegraphy over several thousand miles, it is necessary to erect an aerial 
with a height say of 500 feet, and a capacity of огот to 005 microfarad, and 
to supply this aerial with from тоо to 300 kilowatts at a frequency of 15,000 
to 25,000 cycles per second with the provision of a suitable arrangement 
for signalling. There are several different methods in use at the present 
time for meeting these requirements, but it is obvious that they cannot 
all be of equal merit and it is a matter of some importance to determine as 
soon as possible which is the best method. If all the wireless telegraph 
companies in the world were to pool their experience and resources and be 
uninfluenced by considerations of patent rights and national prejudices, 
which system would be employed? Although the synchronous spark 
and the quenched spark appear to have been superseded for such large 
powers, the timed-spark system of the Marconi Company has recently been 
installed at the Norwegian transatlantic station at Stavanger. Arc generators 
have been carrying a large part of the transatlantic traffic between the 
United States and France and Italy and the new station at Bordeaux is 
being fitted with a 1,000 kilowatt arc supplied by the Federal Poulsen 
Company of America. An Alexanderson disc-inductor alternator generating 
directly the requisite frequency has been working at the New Brunswick 
station for some time, and no one can listen to the constant pitch of the note 
as received by the beat method without admiring the extremely accurate 
speed regulation. At Lyons the Société Française Radio-électrique have 
recently installed an inductor alternator of a different type, connected 
directly to the aerial and delivering thereto over 200 kilowatts. We under- 
stand that two 500 kilowatt machines of the same type are to be installed 
at Bordeaux. If this be so, arcs and high-frequency machines will be 
working side by side both at Lyons and Bordeaux. At Eilvese, near 
Hanover, the Goldschmidt internal cascade machine has worked throughout 
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the war and is still in continuous operation. At Nauen the Telefunken 
Company has recently installed a new high-power plant consisting of an 
alternator giving 6,000 cycles per second, connected to the aerial through 
two frequency doubling transformers in cascade, thus giving 24,000 cycles 
per second. 

In addition to these half-dozen alternative systems all in actual operation, 
there is always the three-electrode valve, awaiting the successful design 
of a high-power type, but remaining for the present a matter of pious hopes 
and less pious rumours. 

It will be seen that there is far greater diversity at the present day in the 
methods of generating high frequency currents than there ever was in the 
methods of generating low frequency currents, and there is little doubt 
that the future will see the elimination of some of these methods and the 
gradual improvement and standardisation of others. 

It is probable that the power supplied to the aerial has now reached the 
highest value which will be required and that, with a higher efficiency of 
radiation of the transmitting aerial, and with greatly improved methods of 
eliminating atmospheric disturbances, and thus being enabled to use increased 
amplification, smaller transmitting powers will be found sufficient. For 
the present, however, the power required is several hundred kilowatts and 
the time seems ripe for a careful non-partisan comparison of the relative 
advantages and disadvantages of the various methods at present employed 
to produce this power. 


High Frequency Alternators.* 
By MARIUS LATOUR. 


The author pointed out that the various types of high frequency alternator may be classified 
as follows :—(1) machines in cascade, (2) internally-cascaded machines, (3) homopolar disc 
machines (4) variable reluctance alternators, and (5) alternators using only a part of the 
armature periphery. Of these the paper dealt in particular with the last two classes, the 
general treatment following the lines of a previous paper by the same author.t 

At the conclusion of the lecture the author briefly considered the conditions of maximum 
efficiency for machines of this type. The various methods of speed regulation were briefly 
touched upon, including the use of a second machine mounted upon the same shaft and so 
arranged that it is loaded to the same extent that load is removed from the H.F. alternator 
when signalling, but the author was of the opinion that the most satisfactory solution was 
to be obtained with some form of vibrating contact speed regulator controlling the speed 
of the driving motor. Finally the conditions under which Н.Е. alternators may be run in 
parallel were developed by the aid of vector diagrams, and the best condition was proved 
to be when the reactance of the machine was equal to its resistance. This condition may 
be most easily secured when a condenser is inserted in series with each machine. 

In the discussion Professor Field gave some interesting particulars of machines for 600 cycles, 
which was, of course, quite outside the range of frequencies contemplated in the paper. Other 
speakers discussed the question of the relative merits of valve and alternator transmitters 
from various points of view. It was also suggested that the question of alternator develop- 
ment was wrapped up in that of the receiver development. If receiving circuits can be devised 
which have a very minute decrement a much more exact speed regulation of the H.F. alter- 
nator will become necessary. 


* Abstract of paper read before the Wireless Section of the Institution of Electrical 
Engineers on June gth, 1920. , 

T Bulletin де la Société Francaise des Electriciens, 9, рр. 97—114, February, 1919. 
(Abstracted in Wireless World, 7, pp. 187—190, July, 1919, and pp. 247—248, August, 1919.) 
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Some of the Problems of Atmospheric Elimination in 
Wireless Reception.* 


By PHILIP R. COURSEY, B.Sc., 4.М.Г.Е.Е. 


The object of this paper was to indicate some of the solutions which have been put forward 
on various occasions with a view to eliminating or reducing the effects of atmospheric dis- 
turbances in wireless receivers. After a brief introduction dealing with the nomenclature and 
classification of atmospherics, the fundamental electrical differences between atmospherics 
and C.W. or spark signals were indicated by means of a series of oscillograms, while the 
different effects produced in a tuned secondary circuit were also shown by means of a radio 
receiving apparatus subjected to the influence of signals from а“ tonic-train ” valve trans- 
mitter, together with irregular “ X " impulses manufactured artificially b y discharges from 
a condenser of large capacity. "These differences are the basis of all the various methods that 
have been devised for eliminating atmospheric impulses. The effect of coupling and the 
advantages of a so-called “ aperiodic ” aerial receiver were then pointed out, and the various 
methods of atmospheric elimination classified as follows :—(1) Intensity limiters ; (2) Direc- 
tional reception methods ; (3) Filtering circuits and (4) Methods dependent upon the aerial 
form. 

One of the earliest intensity limiters was Austin’s silicon-arsenic contact. This has been 
succeeded by the dimmed valve limiters in modern receivers. A recent addition to this class 
of limiter is L. B. Turner's Kallirotron limiter. 

As regards directional reception its chief advantages lie in somewhat limiting the areas from 
which atmospherics are received. The balanced aerial receivers both with radio frequency or 
with audio frequency balance may be classed with this group. The fundamental difficulty of 
these methods is that two currents of unequal frequency can never cancel out each other, 
whereas two currents of the same frequency and magnitude and of opposite phase can so 
cancel out. This effect was demonstrated at the meeting by means of two oscillating valves 
which could be coupled to a third circuit containing a valve amplifier and loud speaking 
telephone. A promising improvement of these balanced aerial methods has recently been 
described | in which a frequency changing coupling is used between the two aerial circuits so 
that the opposing currents may be given the same frequency. No test results of this arrange- 
ment are yet available. Weagant's spaced aerial receivers may also be included in this class.§ 

In the simplest of filtering circuits a negative resistance may be used to increase selectivity. 
This may be derived either from a valve with reaction coupling, or by the use of a special valve 
of the Pliodynatron type, or from a combination of valves as in Turner’s Kallirotron.|| The 
early patterns of Marconi X-stopper may be regarded as some of the earliest examples of 
true filtering circuits. More recently we have the Western Electric Co.’s filter circuits 4 
and Lévy's filter ** which 1s based upon the principle of the double heterodyne. 

The properties of any given arrangement of receiving aerial are largely a question of its 
effective resistance to the incoming signals. Some arrangements of aerials give a larger ratio 
of signal strength to atmospheric strength than do others, and by combining two aerial 
systems having different values for this ratio it is possible to effect at least a partial elimination 
of the atmospherics. Typical examples described in the paper were Priess's and Pickard's 
circuits tT while finally A. H. Taylor's experiments on horizontal aerials were also detailed.]f 


* Abstract of paper read before the Wireless Society of London on May 21st, 1920. 

T See Rapio RzviEW, г, pp. 317—329, April, 1920, for description. 

1 Rapro Review Abstract No. 524. $ Rapio Review Abstract No. 18, October, 1919. 
| Каро Review, г, pp. 317—329, April, 1920. Ф Rapio Review Abstract No. 523. 
** Rapio Review Abstract No. 196, February, 1920. 

tt Влро Review Abstract No. 75, December, 1919, also Abstract No. 525. 

11 Каро Review Abstract No. 149, January, 1920, and No. 313, April, 1920. 


Jury, 1920. АвѕтвАстѕ оғ ARTICLES AND PATENTS 493 


Review of Radio Literature. 
l. Articles and Patents. 


462. On THE PERIOD AND DEcREMENT OF AN OSCILLATORY ELECTRICAL 
CIRCUIT PROVIDED WITH А SHORT-CIRCUITED SECONDARY. I. Jones. 
(Philosophical Magazine, 39, pp. 553—565, May, 1920.) l 

The question of the influence of a short-circuited secondary is investigated mathematically 
commencing with the fundamental equations of the system. The complete formule for the 
frequency and decrement are not developed, but the results of particular solutions are given 
in the form of tables and curves. It appears from these that the expression 


1 1 
n= — Ll ae 
Әт vis ky? 


(where k, represents the decrement), which is strictly applicable to a single oscillatory circuit 
possessing resistance, cannot generally be used when the damping arises from the resistance 
of a closed secondary circuit. When the ratio R,/L, of secondary resistance to secondary 
inductance is large the results found in the paper approximate to those given by the above 
formula. If secondary capacity is present the arrangement may possess two frequencies. 


463. SPoNTANEOUS Exectric OscILLATIONS ім Various CONDUCTORS. 
W. Schottky. (Annalen der Physik, $7, p. 541. Elektrotechnische 
Zettschrift, 40, p. 526, October 16th, 1919. Revue Générale de 
P Électricité, 7, pp. 840—850, March 13th, 1920, Abstract.) 

Starting from the kT law ( = gas constant and T = absolute temperature) the author 
arrives at the conclusion that in a receiving circuit having a natural frequency within the 
audible limits the disturbance of electrons under the influence of heat should give rise to a 
continuous sound in a telephone connected to the end of the conductor, quite apart from any 
external influence, provided that the currents thus set up are sufficiently amplified. Similar 
oscillations due to the impact of an electrified particle on to the electrode of an amplifier are 
also referred to. 


464. AN ARRANGEMENT FOR SETTING UP OSCILLATIONS oF A SINGLE FREQUENCY ONLY, 
E. Bellini. (Revue Générale de lÉlectricité, 7, р. 117D—118p, April roth, 1920. 
Abstract.) 

See Каро Review Abstract No. 99. 


465. INDUcTANCE, САРАСІТҮ AND Resistance Or Cons AT Rapro Frequency. L. Е. 
Whittemore and J. Breit. (Revue Générale de l'Électricité, 7, p. 83>—84p, March 
13th, 1920, Abstract.) 

See Клото Review Abstract No. 93 for the original paper. 


466. CALCULATION OF ANTENNA Capacity. L. W. Austin. (Proceedings of tbe Institute of 
Radio Engineers, 8, pp. 164—168, April, 1920. Technical Review, 6, p. 506, June 8th, 
1920, Abstract.) 
See Rapio Review Abstract No. 88, January, 1920, where a paper has already been dealt 
with covering the same subject-matter. 


467. EvectricaL Measurements Ат Нісн Frequency. L. Brillouin. 
(Bulletin de la Société Francaise des Electriciens, 9, pp. 555—572, 
November, 1919. Revue Générale de P Electricité, 7, р. 156, January 
31st, 1920, Abstract. Scrence Abstracts, 2398, pp. 108—109, Abstract 


No. 203, February, 1920, Abstract.) 
An account of methods developed mainly by Armagnat during the war. The resistance 
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of frame aerials of various sizes, numbers of turns, spacings, etc., at various frequencies were 
measured by the added resistance method and also by the heating produced. The results 
agreed. A number of curves are given very similar to those given by Blatterman,* and the 
same expression is used as a measure of the efficiency of the coil as a receiver. Reference is 
made to the error in direction finding due to the direct aerial effect and unbalanced capacities. 
The calibration of wave meters by heterodyne methods is described and also various absolute 
methods, viz., by standardised coils and condensers, by high-frequency alternators and by 
the multivibrator of Abraham and Bloch. The various methods of tuning exactly to the 
harmonics of the latter are discussed. 


468. ELECTRICAL Measurement. (М.Р. L. Review, 1, рр. 29—30, January, 
1920.) 

A brief summary is given of the radio research work in hand at the National Physical 

Laboratory, this includes standardisation of high frequencies, investigation into the con- 


struction of loss-free mutual inductances and exploration of the characteristics of triode 
valves under different conditions of treatment and use. 


469. TuE MEASUREMENT or Very SMALL ALTERATIONS OF CAPACITY BY 
MEANS OF UNDAMPED Озсилалтонв. J. Herweg. (Verhandlungen 
der Deutschen Physikalischen Gesellschaft, 21, pp. 572—577, September, 
1919. Sctence Abstracts, 23a, p. 243, Abstract No. 619, April, 1920, 
Abstract.) 


A heterodyne method in which the beat note from two generating triodes produces beats 
with the note from a standard fork. The alteration of the capacity of the oscillatory circuit 
of one generator is measured by the alteration in beat frequency. The whole of the apparatus 
with the exception of the telephone ear-piece and the tuning fork is enclosed in an earthed 
case. The method admits of the detection of a change of capacity of one part in a million. 


470. MEASUREMENT оғ Кксвтуко RADIO CURRENTS WITH THE ELECTRO- 
METER. Е.О. Hulbert and С. Breit. (Physical Review, 15; pp. 405 
—408, May, 1920.) 

In the method described a Dolezalek quadrant electrometer is connected across a resistance 
inserted in the plate circuit of a three-electrode valve which may be used alone as a detector, 
or as the detecting valve of a multi-stage amplifier. The vane of the electrometer is charged 
to 400 volts from a secondary battery. A sensitivity is obtained of 2,500 millimetres deflec- 
‘tion per volt applied to the quadrant. The resistance in the plate circuit of the valve was 
from 20,000— 60,000 ohms and а pair of telephone receivers was also included. To calibrate 
the arrangement a condenser potentiometer was arranged consisting of two variable condensers 
in series, across one of which the amplifier was joined. The electrometer deflection was found 
approximately proportional to the square of the mean value of the high frequency voltage 
impressed upon the amplifier. 


471. Some. Lasoratory ез кок THE Contacr RECTIFIER. J. C. Jensen. 
(Physical Review, 15, pp. 224—225, March, 1920.) | Қ 

In the experiments described a rectifier consisting of a piece of polished silicon pressed 

against polished carbon was found to give greater rectification and less resistance than a 
point contact. A pressure of about 5 grammes per square centimetre was used. 


472. An UnpAMPED УУАУЕ METHOD or DETERMINING DIELECTRIC CONSTANTS 


оғ Ілооірѕ. W. H. Hyslop and A. P. Carman. (Physical Review, 
I5, pp. 243—244, March, 1920.) 

The measurements were made with two oscillating valve circuits using the beat method to 
indicate the frequency difference. The dielectric under test was introduced between the plates 
of a condenser forming part of one oscillation circuit, and the beat note restored to its original 
frequency by alteration of a standard condenser in parallel with the test condenser. Соп- 


* Ravio Review Abstract No. 144. 
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stancy of the beat note was obtained by comparison with a standard tuning fork For a 
wavelength of about 5,000 metres the following results were obtained at a temperature of 
21? C. :—Kerosene 2°12, toluol 2:39, ether 4:32, olive oil 3-11, petrol-ether 1-86. Accuracy 
= I per cent. 


473. CONDUCTIVITY AND DIELECTRIC COEFFICIENT or DIELECTRICS АТ 
Нісн Frequencies. С. E. Bairsto. (Proceedings of the Royal 
Society, 96A, pp. 363—382, January 2nd, 1920. Science Abstracts, 
23A, pp. 163—164, Abstract No. 433, March, 1920.) 

Measurements of the A.C. conductivity, dielectric coefficient, and power factor of dry 
blotting paper, crown glass, vulcanised rubber, gutta-percha, marble and slate have been 
made at frequencies from 1,000 cycles to 3,000,000 cycles per second using an arc generator 
in compressed air to give oscillations of sinoidal wave-form. The hysteresis loss per cycle 
was found constant at low frequencies, while at very high frequencies it tended to vanish. 
The loss due to viscosity was found proportional to the square of the frequency at low fre- 
quencies. The maximum A.C. conductivity is very much greater than the D.C. conductivity. 
The dielectric coefficient increases rapidly at audio-frequencies but at a slower rate beyond the 
audio limit. 


474. ELECTRO-PLATED [коч ім Нисн-Евкоопкнсу FiEgLDs. С. Preuner 
and L. Pungs. (Verhandlungen der Deutschen Pbysikalischen Gesell- 
schaft, 21, pp. 594—602, September, 1919. Science Abstracts, 23A, 
p. 244, Abstract No. 622, April, 1920, Abstract.) 

Experiments are described on the effect of giving iron fittings used in wireless installations 
an electrolytic deposit of copper or zinc. А deposit of from 0:03 to 0:04 mm. thickness was 
found sufficient to shield the iron so that the losses were nearly the same as if the fitting were 
of solid copper. The thickness of zinc should be of the order of o-1 mm. for the same effect. 


475. A Роскет бігк WavgMETER. Е. Nesper. (Jahrbuch der Drabtlosen 
Telegrapbie, 14, pp. 624—629, November, 1919. Science Abstracts, 
23в, p. 172, Abstract No. 347, March, 1920, Abstract.) 

The wavemeter described is contained in two boxes 20 x 10 X 7 cm. It comprises a 
circuit with a variable condenser of maximum capacity 1,200 cm., a hot wire instrument, and 
“а set of five coils giving the following wavelength ranges: 45— 220 m., 110—430 m., 270— 

1,150 m., 720—2,500 m., and 1,200—4,300 m. Photographs of the apparatus are given. 


476. PropucTion oF Unpampep Waves ву Кнүтнміс Sparks. (Génie 
Civil, 76, р. 83, January 17th, 1920. Revue Générale de P Electricité, 7, 
p. 103D, March 27th, 1920, Abstract.) 
An illustrated description of the Marconi timed disc continuous wave oscillation generator— 
extracted from article in Wireless World, 7, pp. 310—316, September, 1919. 


477. TRANSMITTERS. A. Taylor. (French Patent 498602, April 24th, 1919. 
Published January 16th, 1920.) 


The invention relates to radiotelegraphic transmission systems and particularly to means 
for producing signals. The object is to provide a key capable of dealing with large currents. 
For further particulars, see British Patent No. 131561.* 


478. RApiorELEGRAPHY. Г. F. Fuller. (U.S. Patent 1330254, filed 
April 23rd, 1917. Patent granted, February roth, 1920.) 


This patent covers the same subject-matter as British Patent 133901. 


+ Rapio Review Abstract No. 189. 
t Rapio Review Abstract No. 218 (March, 1920). 
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479. APPARATUS FOR GENERATING Очрлмрер OscizLATIONs. J. Nienhold. 
(German Patent 301241, April, 1917. Patent granted, October oth, 
1010. Jahrbuch der Drabtlosen Telegraphie, 15, p. 166, February, 


1920, Abstract.) 
A simple type of arc circuit with a cathode of an alkalic metal and a metallic anode (e.g. 
iron) both enclosed in an atmosphere of one of the inert gases. 


480. Fitter Circuits ror Нісн Frequency OSCILLATIONS. 
Western Electric Company, U.S.A. (British Patent 136712, 
February roth, 1919. Patent accepted, December 24th, 
1010.) | | 

The object of the arrangement described is to provide a means for sup- 
pressing harmonics and allowing current of the desired frequency only to 
pass into the output circuit. The arrangement is indicated in Fig. 1: V} isthe 
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valve oscillation generator and V, is the valve amplifier. The output circuit 
is joined to T,T,. The resistances R} . . . R, are inserted between the con- 
densers to prevent them from affecting the tuning of the circuits of the 
generating valve V,. The capacity of these condensers C4— C, are adjusted 
so as to offer a high impedance to the currents of the desired output frequency, 
but to allow the undesired harmonics to pass through them. The amplifier V, 
is fed from the potentiometer P as indicated. The condenser C, may alterna- 
tively be connected between the grid and anode of the oscillating valve, 
instead of in the position shown. 


481. GENERATION OF OSCILLATIONS BY 
CarHopE-RAvy Vacuum TuBEs. 
E. Е Huth and 5. Loewe. 
(German Patent 302465, July, 
1917. Patent granted, October 
4th, 1919. Tabrbucb der Draht- 
losen Telegraphie, 15, p. 77, 
January, 1920, Abstract.) 


A triode oscillator (see Fig. 2) with a single 
coil and variable condenser and filament tappings. Fic. 2. 
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482. Mretuops or Usine Triopes As OscILLATION Generators. С. Vallauri. 
(L’Elettrotecnica, 7, pp. 60—62, February 5th, 1920.) 


A non-mathematical discussion of several well-known methods. Suitable numerical values 
of L and С are given. A method is described in which the alternating current in the anode 
circuit of one valve acts on the grid of a second valve, thus amplifying the output. The use 
of an oscillating triode as a wavemeter, using the double click phenomenon, is also described. 


483. Suarr Brarincs. E. Е. W. Alexanderson. (British Patent 135824, 
October 17th, 1919. Convention date November 26th, 1918. Patent 
accepted, December 31st, 1919.) 

Arrangements are described for equalising the thrust on two bearings placed 
at opposite ends of the shaft of an inductor alternator, by a special form of 
link mechanism connecting the two bearings. 


484. Нісн Freovency Inpucror Atrernators. Е. Е. W. Alexanderson, 
(British Patent 135825, October 24th, 1919. Convention date, 
November 26th, 1918. Patent not yet accepted but open to in- 
Spection.) 

This relates to the cooling of H.F. machines by pipes located in slots in the 
core rings and by appropriate shaping of the winding terminals, etc. 


485. Hich Frequency Імрустов ALTERNATORS. E. F. W. 
Alexanderson. (British Patent 136147, October 27th, 1919. 
Convention date, December 6th, 1918. Patent not yet 
accepted but open to inspection.) 

In the construction of the field magnet windings for high-frequency 
inductor alternators a number of independent exciting windings may be 
arranged so that each of them is capable of furnishing the full load field 
excitation. In the normal operation of the machine all the windings may be 
excited but in the event of the breakdown of one of the windings the 
remainder can be supplied with a larger current. 


486. CHARACTERISTIC CuRVES oF FREQUENCY DoUBLERS APPLIED ТО 
RADIOTELEGRAPHIC Transmission. T. Minohara. (Revue Générale 
de PElectricité, 7, pp. 283—291, February 28th, 1920. Technical 
Review, 6, p. 424, May 11th, 1920, Abstract. Science Abstracts, 238, 
p. 202, Abstract No. 403, April 3oth, 1920, Abstract.) 

This paper investigates theoretically and experimentally the conditions of operation of 
frequency doublers (Joly-Vallauri type) in which two similar transformers are provided with 
. both A.C. and D.C. magnetisation. Two conditions of operation are distinguished, (1) in 

which the secondary E.M.F. of double frequency is sinoidal with small power output, and 

(2) in which the secondary E.M.F. is rich in higher harmonics and has considerable power, 
while the second harmonic is filtered out by a resonant circuit. To obtain the first condition 
the A.C. ampere-turns must be 1:66 times the D.C. ampere-turns, and for the second case the 
two ampere-turns must be equal, while the D.C. excitation must bring the iron to the knee of 
the magnetisation curve. Maximum power is obtained when the secondary current is slightly 
leading. A number of oscillograms are included in the paper which support the theory. 


487. RapiopHonE Моротлтов. (Wireless Age, 7, p. 23, December, 1919.) 
A number of microphones are arranged in series so that each one shunts only one or two 

turns of the aerial inductance. The microphones are all influenced by one mouthpiece.* 

uu END A a c uU EU NN SR ue I Uu E 


* See also Влого Review Abstract No. 131. 
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488. Is RADIOTELEPHONY SUITABLE FOR INTERCOMMUNICATION IN LARGE 
Evectric Power Systems? J. Niibel. (Elektrotechnische Zeit- 
schrift, 41, pp. 125—128, February 12th, 1920. Technical Review, 
6, p. 341, April 13th, 1920, Abstract.) 

A very thorough discussion of the relative merits of line and radio telephony in a large 


power distributing system, especially with overhead transmission. The author decides 
against radio telephony. 


489. TELEPHONE TRANSMITTER. A. P. Pinkler. (U.S. Patent 1330391, 
filed March 2nd, 1917. Patent granted, February 1oth, 1920.) 


Relates to a special construction of microphone having a V-shaped insulating projection 
inside the granule chamber to restrict the current flow to the centre of the granular mass. 


490. TELEPHONE Receiver. R. Nordenswan and R. C. Winckel. (U.S. 
Patent 1330214, filed January 4th, 1918. Patent granted, February 
roth, 1920.) 
Relates to a special construction of the magnet system for telephone receivers. 


491. COMBINED TRANSMITTER AND RECEIVER FOR WIRELESS 
Тегврнону. W. Е. Barber. (British Patent 136654, 
December 20th, 1918. Patent accepted, December 22nd, 
1919.) 

The special feature described consists in the use of an electromagnetic relay 
for dimming the filaments of either the transmitting or receiving valves, the 
relay being controlled by speech currents from the transmitting microphone. 
The circuit arrangement is indicated in Fig. 3. The windings of the relay Y 
are inductively coupled through T, to the circuit of the transmitting micro- 


Fic. 3. 
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phone M as indicated. Resistances R, and R, are joined in the filament 
circuits of the transmitting and receiving valves respectively. These resist- 
ances are short-circuited by the contacts 1, 2, and 3, 4 respectively, so that 
when current flows through the magnet windings of Y the resistance R, is 
short circuited while R, is not, and vice-versá. The general arrangement of 
the transmitting circuit is the same as described in Major Prince’s Г.Е.Е. 
paper—see Rapio REvIEw, рр. 281—283, March, 1920. 


492. Осръкх Wiretess SicNALLING. Р. P. Eckersley. (British 
Patent 135895, May 5th, 1919. Patent accepted December 
11th, 1919.) 

The proposed arrangement is indicated in Fig. 4. The transmitter G is 
included in the aerial circuit 
together with an inductance L, 
and a condenser C, which are 
made equal to the inductance 
and capacity of the aerial itself. 
A potential node is thus formed 
at the point P, and this point 
is earthed through the induct- 
ance L, and the condenser C, 
which are adjusted to tune the 
complete aerial circuit AL4C;E, 

Ls to the frequency of the waves 
to be received. The inductance 

L, is coupled to the receiver 

C, C; through L,. If the wavelengths 

17 T of the transmitted and received 
ЕЕ E, E, == waves differ less than 25 per cent., 
l ” rejector circuits Са апа О.І, 
Fic. 4. tuned to the received and trans- 

mitted waves respectively may be 

inserted in the transmitting and receiving earth connections as indicated. 


493. DuPLEx Wiretess Sicnauuinc. H. J. J. M. de R. de 
Bellescize. (British Patent 136524, July 5th, 1919. Con- 
vention date, December 7th, 1918. Patent not yet accepted 
but open to inspection.) 

For duplex working using an ordinary open aerial for the transmitter, and 

a frame aerial for receiving, the transmitting aerial is arranged as symmetri- 

cally as possible about a plane passing through the transmitting aerial and at 

right angles to the plane of the receiving frame aerial. When the shape of 
the transmitting aerial cannot be modified to comply with this requirement 
the plane of the receiving frame aerial may be inclined to the vertical so as to 
reduce the interference to a minimum. Іп addition one or more small 
auxiliary frame aerials may be arranged near the receiving aerial and con- 
nected to it so as to still further reduce the disturbance from the transmitter. 
Various other compensating arrangements are also described in the original. 
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494. TELEPHONE Earpieces. Е. Hausdorf. (British Patent 136511, Sep- 
tember 9th, 1919. Patent accepted, December 18th, 1919.) 
A telephone receiver for military and similar uses is provided with a double 
cover, the inner one being arranged to enter the ear and the outer one to 
embrace the ear. The arrangement is designed to exclude external noises. 


495. WIRELESS SIGNALLING. Compagnie Francaise pour PExploitation 
des Procédés Thomson-Houston. (French Patent 499381, January 
19th, 1918. Published February roth, 1920.) 
The invention described in this specification relates to wireless telegraphy systems, and more 
particularly a duplex system with provision for sending and receiving at a single station. 
For further particulars, see British Patent No. 130090.* 


496. TRANSATLANTIC Rapiro CommunicaTion. Е. Е. W. Alexanderson. (Revue Générale 
de l Électricité, 7, р. 1170, April roth, 1920, Abstract.) 
See Rapio Review Abstract No. 216. 


497. VatvE Construction. V. J. Е. Bouchardon and M. A. Lesage 
(French Patent 498736, Apri 29th, 1919. Published January 2151, 
1920.) 

The invention described in this specification relates to vacuum tubes having incandescent 
cathodes, such as valves. The object is to provide incandescent electrodes which will not 
readily break. For this purpose, the incandescent electrode comprises a round filament or a 
ribbon of tungsten, molybdenum or other difficultly fusible metal wound in a helix on a 
cylinder of refractory non-conducting material such as silica or porcelain. 


498. Protection Device ror Vatve Fitament. Е. Е. Huth. (German 
Patent 307682, March 3rd, 1918. Patent granted, October Ist, 1919. 
Fabrbuch der Drabtlosen Telegraphie, 15, p. 80, January, 1920, 
Abstract.) 


A cathode consisting of two metal filaments of different resistances in parallel. Excessive 
heating of the filament which is used as the emitter makes its resistance greater than that of 
the other. 


499. Tur THEORY оғ THE OscinzATING Aupion. D. Coster. (Physikalische 
Zeitschrift, 20, pp. 579—584, December 15th, 1919. Science Abstracts, 
23B, p. 224, Abstract No. 439, April, 1920, Abstract.) 

The audion is treated as an A.C. generator with an internal resistance 004/0, and an 

E.M.F. Хор where А is the voltage ratio and v, the alternating P.D. on the grid. To sustain 

undamped oscillations the conditions must satisfy an equation of the type Ri + Ldi/dt + 


с zf idt = E cos pt, where Е, which depends on v,, is some function of I determined by 


the coupling between the anode and grid circuits. The equations are developed and solutions 
obtained for several methods of coupling. 


боо. Tue ALGEBRA or Ionic Varves. W. H. Eccles. (Technical Review, 6, p. 226, March 
2nd, 1920, Abstract.) 
See Rapiro Review Abstract No. 421, June, 1920. 


бот. THermionic Vatves. Е. Bacon. (Electrical Review, 86, p. 661, 
May 21st, 1920, Abstract.) 


ж Rapiro Review Abstract No. 202 (February, 1920). 
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Paper read before the Institution of Electrical Engineers (Western Section). 
A general distinction was drawn between two and three electrode valves, and the chief 
features of each described in a general way. 


502. THE SELF-OSCILLATIONS оғ A THERMIONIC VALVE. R. Whiddington. 
(Proceedings of the Cambridge Philosophical Soctety, 19, p. 346, 
February, 1920.) 

Abstract of paper describing the phenomena dealt with by the same author in the Rapro 
REVIEW, І, pp. 53—58, November, 1919. The formula for the frequency of the oscillations is 
given as n? = (2e/md?)V, where n = frequency, e/m = ratio of charge to mass of the ion, 
d = radial distance from filament to grid, and V = the positive potential on the grid. 


503. On THE VARIATIONS OF WAVELENGTH OF THE OscILLATIONS GENERATED 
ву THREE-ELECTRODE THERMIONIC TUBES DUE To CHANGES IN 
FILAMENT Соввент. W. Н. Eccles and J. H. Vincent. (Proceedings 
of the Royal Soctety, 96a, pp. 455—465, February 3rd, 1920. 
Nature, 104, p. 617, February 5th, 1920, Abstract. Science Abstracts, 
23B, pp. 223—224, Abstract No. 437, April, 1920, Abstract.) 

The object of the investigations was to study experimentally the effects of altering the chief 
variables (filament current, plate and grid voltages, etc.) with a view to finding the most 
favourable conditions for the production of oscillations of constant frequency. Observations 
were made by means of the beat note produced between two circuits oscillating at nearly 
the same frequency, variations of this note being measured acoustically. At small filament 
currents the oscillation frequency decreased with increase of filament current, while at higher 
values it increased with the current. At a certain value of filament current the frequency 
was stationary for small variations of the current. Using this fact the frequency can be 
kept constant to 1 part in 100,000. Increasing the anode voltage increased the wavelength, 
as did also an increase of grid voltage. 


504. A New Low-power Lamp RECTIFIER oF ALTERNATING CURRENTS. 
| Scott-Taggart. (Electrician, 84, p. 451, April 23rd, 1920. 
P Électricité, 2, p. I2, June Ist, 1920, Abstract. Science Abstracts, 
23B, p. 274, Abstract No. 540, May 31st, 1920, Abstract.) 

A simple construction for a low-power low-voltage rectifier is described consisting of a flat 
nickel plate placed between the two legs of a horseshoe filament of spiralised tungsten wire. 
External connections are taken from the mid-point of the filament and from the plate. Alter- 
nate half-waves of the alternating voltage are rectified by the two halves of the filament. In 
an improved arrangement the complete V filament is surrounded by a cylindrical anode. 


505. ImPRovEMENTS ім ELECTROMAGNETIC Wave NAVIGATIONAL 
ARRANGEMENTS. J. Erskine-Murray and J. Robinson. 
(British Patent 135896, November 4th, 1919. Patent 
accepted, December 4th, 1919.) 

A special form of “ radiophare ” is described. The transmitting station 1s 
provided with means of sending out signals in pairs in directions a definite 
azimuthal angle apart, the directions of propagation being gradually rotated. 
When the pairs of signals are of equal strength in the receiver, the line joining 
the stations bisects the azimuthal angle, and by noting the time or the number 
of signals that have passed since a definite cardinal point signal was heard, the 
direction of the transmitting station may be ascertained. 

In one of the arrangements described a pair of crossed aerial coils or loops, 
arranged preferably at right angles to one another, are rotated about a 
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central vertical axis. The exciting circuits are connected to the aerial in 
turn by a two-way switch so that a signal is sent out by each aerial in turn for 
every angular position of the pair. 

Various other modifications are described using fixed aerial loops in con- 
junction with radiogoniometer coils. 


506. APPARATUS FOR DETERMINING THE DIRECTION oF ARRIVING 
ELECTROMAGNETIC Waves. J. Erskine-Murray and J. 
Robinson. (British Patent 136600, December 9th, 1918. 
Patent accepted December 9th, 1919.) 

The arrangement described is apparently an attempt to obtain with one 
frame aerial the results obtainable with the well-known crossed coil R.A.F. 
arrangement. A pair of contacts are arranged on either side of the moving 
frame and a third contact on the frame itself may connect with either of the 
previously mentioned contacts. The circuit from the frame to the detector 
is made through either of these contacts so that a signal is heard when the 
frame is moved to touch either of the contacts, but is inaudible between 
them. The pair of contacts is mounted on two arms which may be rotated 
round the vertical axis of rotation of the receiving coil, and to determine the 
direction of an incoming wave the coil is oscillated from one contact to the 
other and the position of these contacts adjusted until the signal strengths 
obtained in the two positions are the same. The bisector of the angle between 
the contacts then indicates the direction of the incoming waves. A similar 
arrangement may be adapted to the moving coil of a radiogoniometer. 

507. DIRECTION AND Position Еімрікс. Н. J. Round. (Journal of tbe Institution of Elec- 
trical Engineers, 58, pp. 224—257, March, 1920. Electrician, 84, pp. 317—319, March 
roth, 1920, Abstract. Electrical Review, 86, pp. 185—187, 220—221, February 6th 
and 13th, 1920, Abstract. Engineering, 109, pp. 108—112, January 23rd, and pp. 161— 
164, January 3oth, 1920. Science Abstracts, 23B, pp. 218—220, Abstract No. 428, 
April, 1920.) 

See Каро REVIEW, І, pp. 235—237 and 289—292, February and March, 1920, for abstract. 

Captain Round’s reply is included in the S'ournal of the Institution of Electrical Engineers. 
508. THe BrHaviouR or Hertzian Gratincs. R. Gans. (Annalen der 

Phystk, 61, pp. 447—464, March 3rd, 1920, Abstract.) 

A mathematical investigation of the action of a grating, consisting of a number of fine 
parallel wires, when placed in the path of an electromagnetic wave. The resistance of the 
wires is first neglected and then taken into account. Two cases are considered, viz., when the 
wires are in the plane of polarisation, and when they are at right-angles thereto. Previous 
work on the subject is criticised. The calculations are applied to experimental results obtained 
by Schaefer and Laugwitz, but the agreement is not good, one possible cause of the discrepancies 
being the use of damped oscillations in the experiments. 

509. Ок THE FUNDAMENTAL FoRMULATIONS оғ ELEcTRopynamics. G. Н. 

Livens. (Philosophical Transactions of the Royal Society, 2204, 
рр. 207—245, March 17th, 1920. Science Abstracts, 23A, pp. 286— 
287, Abstract No. 738, May, 1920, Abstract.) 

An attempt to formulate a complete statement of Maxwell’s theory in a logically consistent 
form. This formulation is then compared with other statements of the theory. The funda- 
mental equations are derived by using the principle of least action ; the connections between 


the original differential theory and subsequent dynamical theories are discussed. The con- 
cluding section (15) contains a summary of the results of the discussion. 
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біо. THE SCATTERING OF Praxe ELectric Waves By SPHERES. T. J. Га 
Bromwich. (Philosophical Transactions of the Royal Society, 220A, 
pp. 175—206, February 2nd, 1920. Science Abstracts, 23А, р. 235, 
Abstract No. 601, April, 1920, Abstract.) 


A mathematical paper giving results worked out some years ago. The author compares 
his methods and results with those of Rayleigh, Love, Nicholson and Macdonald. 


511. THE Normat Propacation or E.M. Waves THROUGH A LAYER OF 
VARIABLE DIELECTRIC Constants. J. Wallot. (Annalen der Physik, 
бо, pp. 734—762, December, 1919. Science Abstracts, 23А, р. 162, 
Abstract No. 430, March, 1920.) 

A theoretical investigation of the partial reflection suffered by a plane wave when passing 
from one medium to another through a wall in which the dielectric constant changes gradually 
from that of the first to that of the second medium. The partial reflection is not appreciable 
unless the thickness is so small as to be comparable with the wavelength, but it increases 
as the thickness is decreased, reaching finally the value given by Fresnel's formula. 


512. Reception INTENSITY OF WireLess Waves. A. Press. (Electrician, 
83, p. 629, December 5th, 1919. Revue Générale de P Électricité, 7, 
p. 83D, March 13th, 1920, Abstract. Science Abstracts, 23B, p. 167, 
Abstract No. 337, March, 1920, Abstract.) 

This paper is in the nature of a preliminary note to a contribution which 1s to appear in the 
Proceedings of the Institute of Radio Engineers. The author distinguishes two sets of waves 
sent out from a vertical grounded antenna, (г) designated as “ galvanic” radiation and set 
up by the magnetic linkings, and (2) designated as “ voltaic ” radiation, and set up by the 
electrostatic effect of the antenna. Equations are deduced for each of these components 
and their form is found to*correspond with that of an empirical formula given by W. H. 
Eccles in his “ WiRELEss TELEGRAPHY AND TELEPHONY.” * Опе of the coefficients also 
suggests the type of correction factor put forward by Dr. Cohen.T 


513. ON THE PROPAGATION OF ELECTROMAGNETIC WAVES AROUND THE EARTH. В. van 
der Pol. Revue Générale de l’ Electricité, 7, p. 98, March 27th, 1920, Abstract.) 
See Варо Review Abstract No. 48, November, 1919. 


514. Recorpinc Java Rapio Sicnats ім Germany. (Llektrotechnische 
Zeitschrift, 41, p. 141, February 12th, 1920.) 
The signals received at Geltow (near Berlin) on a frame aerial 80 metres square from Mala- 
bar (arc) and Tjililin (alternator and frequency transformers) are recorded as dots and dashes 
onatape. The antenna power in each case is 80 kw. 


515. REVERSIBLE OR ReciprocaL AMPLIFIERS. M. Latour. (Bulletin de 
la Société Française des Electriciens, 9, pp. 589—600, December, 1919. 
Revue Générale de P Electricité, 7, pp. 359—364, March 13th, 1920, 
Abstract. Technical Review, 6, p. 424, May 11th, 1920, Abstract. 
Science Abstracts, 238, p. 280, Abstract No. 552, May 3151, 1920, 
Abstract.) 


Transformer windings and connections whereby a three-electrode valve inserted in a tele- 
phone line acts as an amplifier to speech in either direction. 


516. Tue Desicn or Murrr-STAGE Vacuum-Tuse RrcziviNG Crrcuits. 
J. Scott-Taggart. (Wireless Age, 7, pp. 15—17, December, 1919.) 


This article describes the arrangement of a three-valve amplifier with aperiodic inductance 
coupling and a four-stage amplifier with tuned inter-valve auto-transformer coupling. 


* (London: Benn Bros., Ltd. Second Edition, 1918, p. 153.) 
T See Electrician, 86, pp. 743—744, February 25th, 1916. 
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517. Vacuum Тове Ampuiryinc Circuit. Е. Е. Huth and L. Kühn. 
(German Patent 307681, November 21st, 1917. Patent granted, 
October 6th, 1919. Fabrbuch der Drabtlosen Telegraphie, 15, p. 78, 
January, 1920, Abstract.) 


A two-valve amplifying circuit (see Fig. 5) in which retroaction in one valve circuit is 
brought about by an intermediary valve У,. 


INPUT 


518. А Meprum-Wave REGENERATIVE Receiver. Е. С. Underwood. 
(Wireless Age, 7, pp. 25—26, December, 1919.) 


The article includes constructional details and illustrations of the receiver. 


$19. ÅMPLIFIER DETECTOR ror WinxLEss Тнгкрночу. L. М. Brillouin and С. A. 
Beauvais. Revue Générale de l’ Électricité, 7, p. 1180, April roth, 1920, Abstract. ) 
See Rapiro Review Abstract No. 152. 


520. Nores ом Beat Reception. L. W. Austin and Е. G. Grimes. (Journal 
of the Washington Academy of Sciences, 10, pp. 174—177, March 19th, 
1920. Science Abstracts, 23B, p. 275, Мау, 1920, Abstract.) 

The paper briefly summarises the results of experiments on the various factors influencing 
heterodyne and autodyne reception. For any given circuit, valve, and wavelength, best 
results were obtained with the same strength of heterodyne oscillations, independent of the 
signal strength. The linear response relation previously found for the autodyne was found 
to also hold for separate heterodyne with either triode or crystal detector. Large resistances 
may be inserted in the receiver secondary circuit without impairing signal strength, provided 
local oscillations are kept at the same strength. Hence with an oscillating tube directly in a 
loop circuit the received signal strength is independent of the loop resistance. The sensitive- 
ness was found to be independent of the ratio L/C, provided local oscillations were kept at best 
value. The de-tuning of the receiver with autodyne reception was found not to reduce its 
sensitiveness as compared with heterodyne if a sensitising circuit was coupled to the secondary 
circuit so that the coupling wavelengths agree with the signal and heterodyne wavelengths, 
but the separate heterodyne was less liable to interference. 


521. Musicar КЕсертіом wirH ConTINUous Waves wirHovT Loca. 
OscinLATI1O0NS. L. W. Austin. (Journal of tbe Washington Academy 
of Sciences, 10, pp. 223—226, April 19th, 1920.) 


Some experiments on a “‘ tone wheel " detector are described with a view to comparing its 
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sensitiveness with that of a heterodyne receiver. The chief results were as follows :—The 
sensitiveness of the tone wheel without amplification varies from one-sixth to one-third of 
that of the oscillating triode; the law of response is linear. The tone wheel is somewhat 
superior to the heterodyne in keeping out strong interference; it may be used either with 
radio or audio frequency amplifiers, the former being preferable. The brush action is im- 
proved by filling in the spaces between the teeth with insulating material. 


522. AMPLIFICATION oF CURRENT IN A Bunsen Frame. C. W. Heaps. 
(Physical Review, 15, pp. 222—223, March, 1920.) 

Experiments are described designed to ascertain whether a similar effect could be obtained 
with a third terminal or grid in a Bunsen flame as in a triode valve. The characteristic curves 
obtained were very similar to the usual valve curves. The best arrangement of electrodes 
in the flame consisted of (1) a clean horizontal platinum wire near the base of the flame to act 
as the “ plate” ; (2) a horizontal wire with about a centimetre of the end bent upwards to 
serve as cathode ; and (3) a coil of three or four turns of wire serving as a “ grid ” and placed 
over the upturned end of the cathode. On the tip of the cathode a little sealing wax was 
burnt to leave a residue which when heated acted as an efficient source of electrons. The 
energy amplification was of the order of 450 to 500. 


523. ІМРкоуЕр CIRCUIT ARRANGEMENTS FOR THE REDUCTION OF 
STATIC INTERFERENCE IN Каро RecsIvinc STATIONS. 
Western Electric Company, U.S.A. (British Patent 135635, 
December 6th, 1918. Patent accepted, December 4th, 1919.) 

This patent describes a number of special filter circuits designed with the 
object of allowing certain frequencies to pass and cutting out others. In 
particular two types are mentioned: infra-filters which operate to suppress 
currents of a frequency below a certain limit, and ultra-filters for suppressing 
currents of a frequency above a certain limit. By a combination of the two 
types of filter only currents between the two frequency limits are transmitted. 

The simplest form of the filter arrangement is indicated in Fig. 6 (a) and 

R, C2 


T --- --- ans 
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Fic. 6 (а). Fic. 6 (b). 


consists of a resistance R in series with the condenser C. The input circuit 
is connected to T, and T,, and if the output circuit is joined across the 
terminals of the condenser C currents of lower frequency only will predomi- 
nate in the output circuit, since the ratio of the voltages across the capacity 
and across the resistance will be greater the lower the frequency. By con- 
necting the output circuit across the resistance R the device operates as an 
infra-filter. Alternatively the condenser may be replaced by an inductance 
but this results in an inversion of the frequencies transmitted in the two cases. 

When using a number of such filters thermionic valve amplifiers may be 
connected between successive filters to prevent reaction of the output circuit 


RE 
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on to the input circuit. For minimising atmospheric disturbances in wireless 
reception the aerial is arranged to be out of tune with the signal wave and is 
connected to the detector through a series of filters of both types. These should 
be adjusted so as to transmit most efficiently a narrow band of frequencies in 
the neighbourhood of the signalling frequency. Fig. 6 (b) indicates another 
combination of an ultra-filter composed of a series resistance R, and a shunt 
capacity C, with an infra-filter composed of a series capacity C, and a shunt 
resistance R, for the purpose of transmitting only such a band of frequencies. 


524. Клото-ЕвЕОПЕНСУ INTERFERENCE Batance. (Wireless Age, 7, pp. 21 
—23, December, 1919.) i 
The arrangement described is an attempt to overcome the disadvantages of the use of two 
aerials, one tuned to the signal and the other de-tuned and both coupled to the receiving 
detector for the elimination of atmospherics. In this case the coupling between the two 
aerial systems is provided by a frequency converter of the Goldschmidt type with its rotor 
circuit arranged to generate at frequency n. One aerial circuit is tuned to the signal fre- 
way N and the other de-tuned to the frequency N,. The frequency 7 is chosen so that 
— n = N, + n and the detector circuit is tuned to this intermediate frequency № — n. 
By this means the impulses due to atmospherics may be cancelled out and the signal received 
on one aerial only. 


Fic. 7. 
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In a modification a single aerial with two branches tuned to the two frequencies N апа №, 
may be used in conjunction with a valve arranged to generate oscillations of frequency m. 
The circuit diagram is indicated in Fig. 7 in which the branch C,L, is tuned to the signal 
frequency № and C,L, to the frequency N,. The valve V generates the frequency n. V, V, 
and V, are high frequency amplifiers, and the circuit L;L,L, is connected so that the currents 
of frequency N — n from V, cancel out those of frequency IN, + n from Va The circuit 
L4C; is tuned to the frequency N — n. У, is the detecting valve. 


525. Static Exrmination ву Direcriona, Reception. С. W. Pickard. 
(Radio Amateur News, 1, pp. 337—341, January, 1920.) 


Paper read before the Institute of Radio Engineers. It opens with a summary of the 
various theories that have been proposed to account for the different varieties of atmospherics. 
A number of experiments carried out by the author are also detailed together with quotations 
from various American papers and other publications describing various forms of directional 
receivers particularly adapted to reducing staticinterference. The receiver using the combined 
loop and open antenna effects, described іп Rapio Review Abstract No. 75, December, 1919, 
Fig. 6, p. 152, 38 also described, together with various modifications of it. One of these 18 
indicated іп Fig. 8. The loop L was a rectangle of solenoidal form 30 metres long by 6 
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metres high, with its lower side 4 metres from the ground and having 4 turns spaced 30 cm. 
apart. It is tuned by the variable condenser C, and coupling coil L,. The whole loop acting 
as an open antenna to the ground is tuned by the inductance L, The resistance R is neces- 
sary to equalise the currents in the two coils L, and L, and its value is usually about 3,000 ohms, 
L, and L, are closely coupled and L, and L, more loosely coupled. The circuit L,C, in con- 
junction with the valve V forms the usual receiver. A slight improvement may be obtained 
by arranging the earth lead from R to E in the form of an additional loop of wire placed 
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parallel with and close to the main loop L. A further improvement is indicated in Fig. 9 
and in this case no direct earth connection is made to the loop circuit but the open antenna 
A earthed through L,C,R is used with the earth connection. The coil L is of the same type 


E = 
" ТО RECEIVER 
Fic. 9. 


as in the previous example. This arrangement was said to enable transatlantic messages to 
be copied continuously through the heaviest static. Still another arrangement giving good 
results is indicated in Fig. то. In this case two horizontal aerials A, and A, are used and no 


TO 
RECEIVER 
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earth connection. The resistance R in this case of about 1,000 ohms is also used as before 


to equalise the currents in the two circuits. 
An interesting point mentioned in the paper is that on the northern Atlantic seaboard of 


the U.S. the predominant static arrived from the western or south-western horizon. This 
effect vanished a short distance inland. 
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526. WinELEsS Sicnats. Compagnie Française pour PExploitation des 
Procédés Thomson-Houston. (French Patent 499212, May 8th, 1919. 
Published February 4th, 1920.) 


This specification describes a system of radio-signalling, and more particularly a system in 
which means are provided for overcoming the effect of static disturbances in the receiving 


instruments. 
For further particulars of this invention, see British Patent No. 134585.* 


527. PortaBLe WIRELESS RecEIvinc Apparatus. К. С. Clinker. 
(British Patent 135932, December 3rd, 1918. Patent 
accepted, December, 3rd, 1919.) 

The portable apparatus covered by this specification is that described on 

рр. 292—293, of the Каро Review (March, 1920). 


528. AERIAL Construction. Marconis Wireless Telegraph Co., Ltd. 
(French Patent 498940, March 23rd, 1917. Published January 27th, 
1920.) 

The invention described in this specification relates to directive propagation and reception 
of wireless signals. For this purpose the transmitting or receiving antenna is placed in the 
focus of a row of aerials arranged in a parabola, all of which are tuned to the wavelength 
employed by means of adjustable capacities or inductances. The auxiliary aerials act as 
reflectors and may be earthed or not. The aperture of the parabolic row should not be less 
than the wavelength employed and the distance between the aerials may be one-tenth of their 
height, the focal distance of the parabola being preferably, 1, 3, 5, etc., quarters of the wave- 
length. 

For further particulars of this invention, see British Patent No. 105909. 


$29. DEVELOPMENT OF Loop AERIAL FOR SUBMARINE Rapiro Communication. J. A. Wil- 
loughby and P. D. Lowell. (Revue Générale de l’Electricité, 7, p. $40, March 13th, 
1920, Abstract.) 
See Rapio Review Abstract No. 85. 


530. Tue Prizss Loop Sets. W. J. Henry. (Radio Amateur 
News, 1, p. 270, December, 1919.) 

This article briefly describes the development of portable loop aerial trans- 
mitters and receivers for use in trench warfare and operating on wavelengths 
between 66 and 180 metres. Damped wave transmission was used throughout. 
Reliable communication was established between two of these sets in dug-outs 
separated by 6 km. using 30 watts at the transmitter. The complete set 
weighed 28 lbs. including the loop aerial, tools and spare parts. 


551. Tue WinELEss STATION AT КАЧЕН: (1) THE DEVELOPMENT. 
Count С. Arco. (Elektrotechnische Zeitschrift, 40, pp. 
665—667, December 18th, 1919. Science Abstracts, 23B, 

215—217, Abstract No. 426, April, 1920, Abstract.) 
A brief sketch of the development of the Nauen Station from 1906 to the 
present day. 


* Rapio Review Abstract No. 371 (May, 1920). 
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532. THE WirELEss STATION AT Nauen: (2) Tue Нісн FRE- 
QUENCY ALTERNATOR AND TRANSFORMERS. W. Dornig. 
(Elektrotechnische Zeitschrift, 40, pp. 687—689, December 
25th, 1919. Science Abstracts, 23B, pp. 215—217, Abstract 
No. 426, April, 1920, Abstract.) 

There are two aerials the larger a Т aerial over 2 km. long with a capacity 
of 30,000 cm. and the smaller a triangular aerial of 15,000 cm. The former is 
supplied from the 400-kW. high-frequency machine and the latter from the 
100-kW. quenched spark set. Details and a photograph of the 400-kW. 
machine are given. The 7-ton cast steel inductor of 1-65 metre diameter runs 
at 1,500 r.p.m. and having 240 teeth gives a frequency of 6,000. The rotor 
carries two ventilators and water-cooling tubes run through the armature 
stampings behind the winding tunnels. The output is 1,200 amperes at 450 
volts. This passes through a step-up transformer and then through two or 
three frequency-doubling transformers in cascade. The Morse key causes a 
relay to short-circuit a resistance inserted between the step-up transformer 
and the first doubler. А somewhat detailed description is given of the 400-kW. 
frequency-doubler for f = 12,000/24,000. The stampings are 0-07 mm. thick 
but only weigh 26 kg., whilst the weight of copper is only 20 kg. Two such 
transformers constitute the doubler. They are oil immersed and also have 
forced oil circulation with external oil cooling. The motor input is 620 kW. 


on a long dash and 325 kW. when sending. The power supplied to the 
antenna is 410 kW. 


533. German Rapio War InstrumMENTs. (Radio Amateur News, 
I, p. 271, December, 1919.) 


Illustrated descriptions of a two-valve amplifier, crystal detector and high 
note buzzer. 


$34. Rapio CoMMUNICATION BETWEEN GERMANY AND AMERICA, SPAIN 

AND SwEDEN. (Elektrotechnische Zeitschrift, 41, pp. 121—122, 
February 5th, 1920.) 

Nauen is now in regular communication with Annapolis and New Brunswick and telegrams 

should be marked “ Cable " ог“ Radio”; the rate is the same. Мапу of the cables are still 

unrepaired, the Entente having taken the German cable ships. Telegrams for Sweden are 


transmitted from Konigswusterhausen to Carlsborg and those for Spain from Eilvese to 
Madrid and Aranjuez. 


535. THE АнмалРо115 Каро Station. (Wireless Age, 7, pp. 10—15, 
December, 1919. Science Abstracts, 238, pp. 217—218, Abstract 
No. 427, April, 1920, Abstract.) 
A general description with illustrations and circuit diagrams of the Annapolis (NSS) radio 
station with views of the 350 kW. arc apparatus. 


536. THe Kamina WIRELESS Station, ITS CONSTRUCTION AND DESTRUC- 
tion. (Wireless World, 7, pp. 491—495, December, 1919.) 


An illustrated description of the capture of the station by the British.* 


* See also Raprio Review Abstract No. 537. 
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537. DESTRUCTION or THE GERMAN WIRELESS STATION АТ KAMINA IN 
Tocotranp. M. Roscher. (Elektrotechnische Zeitschrift, 41, p. 116, 
February 5th, 1920.) 

The author had erected and was in charge of the station, which was utterly destroyed by 
his orders on the approach of the British. Не criticises sharply the references to this event 
in the Wireless World.* His description of the destruction by those who had watched over 


the growth of the station and had great hopes of its achievements is very touching, but the 
article is marred by a spirit of bitter animosity. 


538. Tue Rapio TELEGRAPHIC STATION AT Rome (San Pauro). В. Mic- 
chiardi, G. Pession and G. Vallauri. (Proceedings of tbe Institute of 
Radio Engineers, 8, pp. 142—163, April, 1920. Technical Review, 6, 
p. 506, June 8th, 1920, Abstract.) 

Describes in detail the high power arc station erected by the personnel of the Royal Italian 
Navy for the Italian Government during the months May—October, 1917. Тһе station was 
designed to communicate with the Italian colonies on the Red Sea and also with the American 
high-power stations. The antenna has the form of an equilateral triangle supported by three 
cables (spreaders) more than 610 feet in height with the down leads coming from one of the 
sides. It is supported on wooden masts having a triangular lattice-work structure. The 
set is, like most of the Naval sets, of the Poulsen arc type being provided with a rectangular 
magnetic circuit with an air gap of 8:2 cm. giving a field intensity of 6,700 gauss with a supply 
current of 220 amperes. 

Normal operation of the station is carried out on a wavelength of 11,000 metres signalling 
being accomplished by short circuiting a number of turns of the antenna inductance. The 
* working " and “ stand-by " waves are thus made to differ by 180 metres. Experiments 
аге in progress on methods of eliminating the “ stand-by " wave by the use of an artificial 
absorbing antenna circuit. 

By measuring the current absorbed at resonance in an experimental loop antenna at 
Fiumicino when the station of San Paulo was transmitting the effective height of the aerial 
at the latter has been shown to be 462 feet on wavelengths between 6,800 and 10,000 metres. 

Two small receiving stations are worked in conjunction with the transmitter. One station 
adjoins the transmitting station and is lined with metallic netting to protect the receiver from 
excessive induction. The other which possesses a loop antenna permits of duplex working 
with America. Detailed data of reception with American stations are given. 


539. COMPLETION or THE WIRELESS INLAND NETWORK ву THE FuNK- 
Ветвтевздмт. У. T. D. Thurn. (Tezlegrapben- und Fernsprech- 
Technik, 8, pp. 121—124, November, 1919, Abstract.) 

The German Government have appointed the Funk-Betriebsamt to control the installation 
and operation of a network of wireless telegraphic stations throughout the country. Small 
stations communicate with their district stations and these district stations can communicate 
with Berlin. For reasons of economy, army and navy apparatus is being utilised for the pur- 
pose, the standard system being a continuous wave one with thermionic valve generators and 


beat reception. The organisation is very fully described in this article which is officially 
communicated. 


540. THE CONSTRUCTION or A RADIO-FREQUENCY TRANSFORMER. (Every- 
day Engineering Magazine, 8, pp. 310—312, February, 1920.) 


Constructional details with dimensioned drawings are given for iron cored radio-frequency 
inter-valve transformers for use in a high-frequency multi-stage valve amplifier. 


541. CONSTRUCTIONAL DETAILS or THE DousBLE ConpENSER. (Everyday 
Engineering Magazine, 8, pp. 114—115, November, 1919.) 
The condenser described has a double set of fixed and moving vanes, each 


* Каго Review Abstract No. 536. 
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set of fixed vanes being connected to one set of moving vanes. Double the 
capacity is thus obtained without increasing the size of the instrument. 


542. Tue Dersicn or Contacts AND SOCKETS FoR WIRELESS 
Vatves ок Vacuum Товеѕ. W. J. Polyblank. (British 
Patent 135792, June 13th, 1919. Patent accepted, December 
4th, 1919.) 

қаны details are given for the base and contact pins of triode 
valves. 


543. DATA on THE INTERNATIONAL Варо OSCILLATION TRANS- 
FORMER. (Everyday Engineering Magazine, 8, p. 117, 
November, 1919.) 

Wavelength curves of apparatus manufactured by the International 


Radio Co. (U.S.A.). 


544. WIRELESS RECEIVING Apparatus AT GELTOw (Potspam). (Elektro- 
technische Zeitschrift, 41, pp. 41—42, January 8th, 1920. Telefunken 
Zeitung, Nos. 17 and 18, January, 1920.) 

In order to work duplex at Nauen, the receiving station has been placed at Geltow, 30 km. 
away. A description is given of the frame aerial 28 metres square with 6 turns, tuned, and 
coupled to a secondary tuned circuit which is connected through a cascade amplifier to the 
detector, and then through a low frequency amplifier, an acoustic resonance transformer 
and a rectifying tube to the inker, which is capable of working at 100 words per minute. 
Although 3o km. away they cannot work within the range 10 per cent. above and below the 
wavelength emitted by Nauen. They receive satisfactorily, however, both New Brunswick 
(A = 13,500 m.) and Annapolis (A = 17,000 m.) simultaneously on two frames 1 metre apart. 


545. Some Recent Devetopments ін Rapiro Transmitrers. М. W. 
Sterns. (Wireless Age, 7, pp. 17—20, December, 1919.) 

Describes the direct current buzzer transmitters manufactured by The Sperry Gyroscope 
Company. They consist of a vibrating contact which interrupts the current from the source 
at about 400 volts. Across the contacts is shunted a capacity-inductance circuit coupled to 
the aerial. The article is accompanied by several illustrations of the sets. Transmission 
power is up to 200 watts. 


546. THE VIBRATORY CONVERTER AS AN A.C. GENERATOR FOR SMALL 
RADIOTELEGRAPH STATIONS. Е. Falkenthal. (Jahrbuch der Drabt- 
losen Telegraphie, 14, pp. 526—534, October, 1919. Science Abstracts, 

| 23B, p. 162, Abstract No. 326, March, 1920, Abstract.) 

The article describes the application for low-power radio transmission of vibratory apparatus 
normally used for rectifying A.C. With a primary energy of 250 watts, 80 per cent. efficiency 
of conversion is obtained. Heavy contact pressure was necessary to avoid loss of energy. 
Sparking rates of 400 to 600 per second were obtained. It was necessary to maintain the 
armature continuously in vibration in order to ensure resonance with the low frequency 
circuits necessary to prevent sparking. Signalling was effected by short-circuiting a resistance 
in the primary circuit. 

547. CHARACTERISTICS OF Mica TRANSMITTING ConpDENSERS. L. R. Jewett. 
(Radio Amateur News, 1, pp. 272—273, December, 1919.) 

An illustrated description of the construction of 0:004 microfarad units of 


mica transmitting condensers enclosed in aluminium cases. A very low power- 
factor, small losses, compactness and high efficiency are the chief features. 
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548. Evectric Conprensers. W. Dubilier. (British Patents 140045 and 
140046, July 24th, 1919. Patents not yet accepted but open to 
inspection.) 

Special methods of construction of multi-section condensers are detailed. The arrangement 
is particularly suitable for high-voltage condensers comprising a number of sections connected 
in series and subjected to mechanical compression. This compression may be provided by 
suitable clamping bolts and plates, or the condenser sections may be clamped between the 
sides of the metallic containing case which then forms one terminal of the complete condenser. 


549. Conprensers. W. Dubilier. (French Patent 498639, April 25th, 1919. 
Published January 16th, 1920.) 
This specification describes a high potential condenser suitable for use in wireless telegraphy. 
For further particulars, see British Patent No. 140046.* 
550. A New Tyre or Non-Inpuctive Resistance. Н. L. Dodge. 
(Physical Review, 15, pp. 223—224, March, 1920.) 
A special arrangement of winding is detailed so that every part of the conductor is closely 
adjacent to a similar part carrying current in the opposite direction. Self-capacity is small. 


$51. New Marconi WinELEsS Carr Srenar Device. (Shipbuilding and Shipping Record, 
15, pp. 108—109, January 22nd, 1920. Technical Review, 6, p. 226, March 2nd, 1920, 
and p. 342, April 13th, 1920, Abstract. Wireless World, 7, pp. 695—698, March, 
1920. Telegraph and Telephone Age, 38, p. 149, March 1st, 1920. L' Électricien, 50, 
p. 157, April 15th, 1920.) 
See also Клото Review, І, p. 293, March, 1920. (Note.—The complete illustrated descrip- 
tion is given in Wireless World—above reference.) 


552. THE APPLICATION oF ULTRA Ушоһкт Rays To SIGNALLING. 
I. С. Priest and K. S. Gibson. (Revue Générale de РЕЈес- 
tricité, 7, p. 75D, March 6th, 1920, Abstract.) 


553. TuE Detection or Іму1ѕІВІЕ BODIES ву MEANS OF INFRA 
Rep Rays. S. O. Hoffman. (Revue Générale de l'Élec- 
trictté, 7, p. 75D, March 6th, 1920, Abstract.) 


554. Tue Utitisation оғ Імевл Кер Амр ULTRA Viotet RADIA- 
TIONS DURING THE War. (Illuminating Engineer, 12, 
рр. 295—296, October, 1919. Revue Générale de l'Élec- 
"сив, 7, р. 98D, March 27th, 1920, Abstract. Telegraphen- 
und Fernsprech-Technik, 8, pp. 112—113, October, 1919. 
Elektrotechnik und Machinenbau, 38, p. 34, January 18th, 
1920. Technical Review, 6, p. 425, May 11th, 1920, Abstract.) 


See also Клото Review Abstract No. 71, November, 1919. 


555. On THE RELATION BETWEEN ILLUMINATION AND ELECTRICAL Con- 

DUCTIVITY IN SELENIUM. А. O. Rankine. (Philosophical Magazine, 

39, pp. 482—488, May, 1920.) Ж l 

Experiments are described proving that the change of conductivity of selenium cells is 

proportional to the fourth root of the intensity of illumination, and not to the square root as 
usually assumed. 


ж Rapio Review Abstract No. 548. 
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556. A Secret TELEPHONE. P. Maurer. (L'Électricien, 50, рр. 199—201, 
May 15th, 1920.) 
For the purposes of secret telephony for wartime use along badly insulated wires, a small 
radiotelephone transmitter was employed coupled between the line and earth. An oscillating 
valve was used with the transmitting microphone coupled to the oscillation circuit. 


.557. A TELEPHONE To Europe? С. H. Claudy. (Scientific American, · 
122, p. 515, May 8th, 1920.) 
A resumé of experiments on the use of radio frequency currents for the transmission of 
telephone or telegraph signals along bare wires laid in sea water. 


558. TuE ELECTRICAL Equipment or Arrcrarr. P. Maurer. 
(Г Électricien, 35, pp. 265—269, December, 1919.) 


Deals amongst other matters with generators, etc., for use with the wireless 
installation. 


559. Navar AiRcRArr Каро. Т. Johnson, Jr. (Proceedings of the 
Institute of Radio Engineers, 8, pp. 87—141, April, 1920. Technical 
Review, 6, p. 466, May 25th, 1920; and p. 506, June 8th, 1920, 
Abstract.) 

Constitutes the second half of the author's paper in the same Proceedings of February, 1920.* 
The development of the earlier types of radio sets used on American Naval Aircraft is de- 
scribed. The standard transmitting sets, of which full details (dimensions, circuits, ranges, 
etc.) are given, were practically all developed by the Western Electric Company and may all 
be regarded as modifications of the fundamental circuit shown in Fig. 11, which provides for 
transmission by unmodulated, buzzer-modulated, or telephonic-modulated continuous waves. 

Power is supplied for the set by the battery B which supplies current both for the filaments 
and the dynamotor D. The latter supplies a high tension to the anode circuits. Modulation 
of the radio frequency energy is effected by imposing the audio-frequency output of the 


Fic. 11. 
* See Ravio Review Abstract No. 461. 
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microphone transformer Т on the grid of the modulator tube V,. The amplified audio-fre- 
quency output of the modulator tube is then introduced into the anode circuit of the radio 
frequency generating tube V,. 

It is found that with all these sets the range with a trailing antenna in flight is always 
greater than that obtained with a skid fin antenna in water. 

A one-valve transmitter designed by the Marconi Wireless Telegraph Company has also 
been used in the large flying boats and dirigibles, but as no modulation amplifier was included 
the modulation was found inferior to that of the Western Electric circuits. 

The difficulties of aircraft reception due to acoustic disturbances (wind-rush and engine 
noise) and electrical disturbances (induction from engine ignition system) are discussed and the 
type of helmet-receiver finally developed described. Of the two valves used mainly in receiver 
circuits one is of the coated filament type and was designed by the Western Electric Company, 
while the other possesses a tungsten filament and is of Navy Department design. The 
receivers are mainly of the ordinary type with one tube with inductive coupling for regeneration 
and detection and two further stages of audio frequency amplification with iron-cored trans- 


former coupling ; though newer amplifiers with three stages of radio-frequency amplification 
have been developed. 


The development of radio compass work has been on the lines of the balanced maximum 


method, using a main and an auxiliary coil at right angles to one another, similar to the 
arrangements used in the British R.A.F.* 

The complete radio compass therefore includes main and auxiliary coils, a reversing switch, 
a compensating device for the auxiliary coil when it is omitted from the circuit, a tuning device 
for the system and a receiver. Most of the sets actually used have had revolving coils mounted 
within the bodies of the flying boats and dirigible cars. 

For telephonic communication with aircraft U.S. naval air stations are to be equipped with 
a standard generator designed by the General Electric Company with a range of 200 nautical 
miles. A system of remote control conducted over the regular telephone lines is being developed. 


560. THERMAL Expansion or ÍgsuLATING MarERIALS. W. H. 
Souder and P. Hidnet. (Bulletin of Bureau of Standards, 
I5, pp. 387—417. Bureau of Standards Scientific Paper, 
No. 352, December 27th, 1919.) 

This paper contains selected results of an extensive research upon the 
thermal expansion of insulating materials. The following materials were 
Investigated: porcelain, bakelite, condensite, formica, celluloid, hard 
rubber, marble and limestone. The range of expansion coefficients was 
found to vary between 1-6 x 1079 for certain porcelains and 10:9 X 1076 for 
a specimen of celluloid. A summary is first given of the previous work on 
the expansion of porcelain and marble, and this is followed by a description 
of the apparatus used in this research. Each specimen tested was in the form 
of a straight rod of about one square centimetre cross section and 30 cm. 
in length. The specimens were heated in a furnace and the expansions 
measured by microscopes. Several tables and a number of curves are 
given summarising the results obtained for the various specimens tested. 
The test on various specimens of porcelain showed that this material exhibited 
no marked permanent set or change in dimensions due to the heat treatment. 
Porcelains having low coefficients of expansion were found to exhibit 
marked resistance to sudden temperature changes. On the other hand the 
various types of bakelite and similar materials generally showed marked 
diminution in length after heating and cooling again to room temperature. - 


Ж See Клото REVIEW, І, pp. 213—219, 265—275, February and March, 1920. 
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Most of these phenol condensation products—bakelite, condensite, formica, 
hard rubber and celluloid—when kept at some constant temperature above 
60° C., showed a shrinkage in length, and lost weight by giving off vapour. 
When the temperature of the material increases it expands, but when 
kept at a constant temperature above 60° C. it contracts. 

After heating, each specimen of marble was found to show an increase in 
length. This growth was approximately the same whether the specimen was 
heated by cycles or heated directly to the maximum temperature. Repeated 
heatings tend to bring the marble to a constant or permanent state. On 
cooling below room temperature the specimens expand again contrary to the 
usual behaviour of most materials and this peculiar phenomenon of minimum 
length was common to all the specimens tested. Length measurements made 
after a period of two years indicated that the growth of marble after heating 
is permanent. The data given in the paper as to the thermal behaviour of 
these materials should be valuable when considering their use in various 
forms of apparatus. 


561. RESONANCE AND JonisATION POTENTIALS FOR ELECTRONS 
IN THE Monatomic Gases Arcon, NEON AND HELIUM. 
H. C. Rentschler. (Physical Review, 14, pp. 503—515, 
December, 1919.) 

A special type of three-electrode valve was employed for these experiments. 
The results indicated a resonance potential of 12 volts and an ionising 
potential of 17 volts for argon, while neon and helium did not show resonance 
potentials. 


562. TuE Jonisation Gauce. S. Dushman and С. С. Found. 
(Fournal of the Franklin Institute, 188, p. 819, December, 


1919.) 

563. REFLECTION oF ELEcTRONS FROM МЕТАТ Surraces. Н. M. 
Dadourian. (Physical Review, 14, pp. 434—439, November, 
1919.) 

564. THE Fusion or Tuncsten. (Scientific American, 121, 
p. 420, October, 1919.) 

Describes a new process of working this metal, due to Hugo Lohman, of 
Berlin. In view of the extensive use of tungsten for the manufacture of 
triode filaments the process is important as it is said to be the first to afford 
any promise of fusing the metal into pieces large enough to give wires of all 
required gauges. 

565. Нісн FREQUENCY CuRRENTS ON Wires. |. О. Mauborgne. 
(Physical Review, 14, pp. 452—453, November, 1919.) 

An abstract of a paper presented to the American Physical Society dealing 
with the subject matter referred to іп Rapio Review Abstract No. 175, 
January, 1920. 
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566. THe AUGEREAU SYSTEM FOR THE RECEPTION OF SIGNALS ON 
Locomotives. (Revue Générale de l Électricité, 7, pp. 506 
—507, April 1oth, 1920.) 

In the arrangement described a horizontal aerial is stretched out along- 
side the railway track, and a small aerial is mounted on each side of the 
locomotive. A simple form of spark transmitter controlled by the position 
of the signals is joined to the fixed aerial, and a coherer receiver employed on 
the locomotives to operate the necessary indicating apparatus. 


567. An Аотоматіс WIRELESS TRANSMITTING MECHANISM FOR 

SIGNAL Buoys. W. E. Sansom. (British Patent 135441, 

June 20th, 1919. Patent accepted, November 27th, 1919.) 

The transmitting mechanism comprising accumulator battery, motor 

generator and transmitting apparatus, and an automatic signalling key 

operated by a message drum upon which the message to be sent is set up, is 

all contained inside the casing of the buoy and is arranged to be set in opera- 

tion by a float switch operated as soon as the buoy is placed in the water. 
The aerial is mounted on a mast projecting from the upper part of the buoy. 


568. INTERNATIONAL SUBMARINE AND RADIO COMMUNICATION 
AS RELATED To American Commerce. J. J. Rogers. 
(Telegraph and Telephone Age, 37, pp. 614—617, December, 
1919.) 

Deals with international communications and the need for effective legis- 
lation. 


569. Емріке Wiretess Cuain. (Electrical Review, 85, p. 690; 
also p. 675, November, 1919. Electrician, 83, p. 597-) 
Particulars of the Committee appointed by the British Government to 
advise re Imperial Wireless Communications. 


570. Lonc-Distance TELEGRAPHY AND German “ WELT-PouiTIK.” Н. 
Thurn. (Elektrotechnische Zeitschrift, 41, p. 36, January, 1920.) 


Review of a book by Dr. R. Hennig entitled “ Überseeische Telegraphie und Auswärtige 
Politik.” 


571. REGULATION or RADIO ву DEPARTMENT OF COMMERCE FAVOURED. 
(Electrical World, 75, p. 565, March 6th, 1920.) 


A summary of a number of suggestions made by J. L. V. Hogan relative to Federal regulation 
of radio communications, 


572. Direct Соммевксілі. WirELEss witH ENGLAND EsrABLISHED. (Elec- 
trical World, 75, p. 565, March 6th, 1920.) 


Refers to the reopening of the direct commercial wireless service between England and 
America via the New Brunswick (N. J.) radio station. 


573. Licences ror WireELess TELEGRAPHY. (Electrician, 83, p. 598, November, 1919. 
Wireless World, 7, p. 535, December, 1919.) 
Particulars of regulations re experimental radio licences. 
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574. WIRELESS METEOROLOGICAL INFORMATION TO AND FROM ЗНТР5 АТ SEA. 
(Admiralty Notice to Mariners, No. 8 of 1920.) 


A résumé is given of plans for collection and distribution of meteorological data, and a list 
of wireless stations sending weather reports. 


575. THE Times oF TRANSMISSION AND THE CHARACTERISTICS OF THE PRIN- 
сірлі. WIRELESS Stations. (Revue Générale de l Electricité, 6, p. 1358, 
November, 1919.) 


A table setting out the data of a number of large stations. 


576. GENERAL INFORMATION WITH REGARD ro WIRELESS TIME 
SIGNALS. (London Gazette, No. 31651, pp. 14057—14059, 
November 2151, 1919. Admiralty Notice to Mariners, 
No. 7 of 1920. See also London Gazette, No. 31788, pp. 
2089—2090, February 2oth, 1920, and Admiralty Notice to 
Mariners, No. 316 of 1920, for revision of earlier notice.) 

A list is given of thirty-six stations throughout the world, which send 
wireless time signals. The list gives the name of the station, the name of the 


observatory, the time of sending, the wavelength of transmission and whether 
sent on “ spark ” or continuous wave. 


577. LoncirupE ву WrreLess TELEGRAPHY. (Nature, 105, p. 370, Мау 
20th, 1920.) 
A scheme for connecting Greenwich and Sydney observatories by radio time signals for 
accurate determinations of longitude, etc., is discussed briefly. 


578. An ELECTRICAL S1GNALLING Метнор For Gurpinc Crarr. В. H. 
Marriott. (Telegraph and Telephone Age, 38, pp. 4-7, January, 
1920. Revue Générale de P Électricité, 7, pp. 127—129, January 24th, 
1920. Science Abstracts, 238, p. 214, Abstract No. 423, April, 1920, 
Abstract.) See also R. H. Marriott and H. H. Lister. (Electrical 
Review, Chicago, January roth, 1920. Technical Review, 6, p. 385, 
April 27th, 1920, Abstract. Also Electrical Experimenter, 7, p. 746, 
December, 1919; La Nature, 48, pp. 167—168, April 10th, 1920.) 

Paper read before the Seattle Section of the Institute of Radio Engineers. 

Vessels can be guided through various channels by means of cables laid along the sides or 
bottom of the channel, the cables carrying intermittent or alternating currents of audible 
frequency which are picked up by a coil and telephone receiver carried by the vessel. Out- 
going and ingoing routes can be distinguished by sending different signals. Details are given 
of some experiments at Puget Sound Navy Yard. The author advocates the question being 


taken up by the Government on account of its great importance, ¢.g. in enabling vessels to 
enter New York Harbour during fog. 


579. PRorrsson Ено Tuomson’s EARLY EXPERIMENTAL DISCOVERY OF 
THE Maxwe i ErEgcrRoMAGNETIC Waves. M. B. Snyder. (General 
Electric Review, 23, p. 208, March, 1920.) 

Briefly recounts some experiments made by Professor Elihu Thomson in 1875 (twelve years 


before Hertz’s researches) and witnessed by the writer, in which the effects of electromagnetic 
waves were demonstrated at distances up to 100 feet. 
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2. Books. 


WIRELESS TELEGRAPHY : A Handbook for the Use of Operators 
and Students. By W. H. Marchant. (London: Sir Isaac 
Pitman & Sons, Ltd. Second Edition, 1920. Pp. ix. + 
305. Price 7s. 6d. net.) 

The writer of a text-book on wireless telegraphy at the present time suffers 
from the disadvantage that, owing to the rapidity of the progress in the art, 
he may not only give undue prominence to apparatus which is becoming 
obsolete, but, what is far more important, he may find that in the period 
between the time the manuscript left his hands and the time the work is 
published, new and important methods and apparatus have been developed 
which should have found a place therein. 

The present work, which is a small and elementary text-book, in pre- 
paring which the author, as stated in the preface, has chiefly had in mind 
the seafaring operator and students preparing for the Postmaster-General’s 
certificate, suffers in this manner. At the present moment the three-electrode 
valve is already being fitted on ships Юг receiving purposes, and the Marconi 
Company has commenced to supply direction-finding outfits which will 
undoubtedly have a great influence on navigation in the future, and will 
extend that which 1s perhaps the most important characteristic of the art 
of wireless telegraphy, its great aid to the saving of life at sea. 

The direction finder is not mentioned and the allusions to the three- 
electrode valve are of the briefest, and no doubt this will be a disappointment 
to many to whom the book would otherwise appeal. 

As will.be expected, the theoretical treatment is limited to elementary 
explanations of a few important conceptions such as “ electric oscillations,”’ 
* electric waves," etc. The explanations given are however clear, and the 
author has not loaded his book with the chapters on elementary electricity 
which are often to be found in general text-books on wireless telegraphy. 

The work consists of sixteen chapters and a glossary of terms, and is well 
supplied with diagrams and illustrations. The major portion is devoted 
to a description of the small-power sets of the Telefunken, Lepel, Poulsen, 
and Marconi systems. The description of the Marconi ship sets is very 
thorough ; the wiring of all important circuits, including switchboard and 
power circuits, is given in clearly-drawn diagrams. In fact the treatment 
of some parts of the apparatus, such as the multiple tuner and magnetic 
detector, is almost too full, since these are becoming obsolete, while the crystal 
receiver and three-electrode valve circuits, which in a few years will probably 
be universally employed, have not had adequate space devoted to them. 

The progress in the adaptation of the three-electrode valve to wireless 
telegraphic and telephonic reception and transmission is so rapid that a 
large amount of the apparatus which might have been treated of in this 
work has probably (as in the instance given above) been put on the market 
whilst it was being printed, but even then a general description of the ordinary 
types of circuit employed together with an elementary account of the theory 
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would be of great service to an operator who may have to use one of these 
instruments. The space devoted to the three-electrode valve is only four 
pages, whilst the coherer—which is now of only historical interest—occupies 
about as much. 


The sets described in some detail include the Marconi 14, 1, and} kW. ` 


ship sets, Poulsen, Lepel and Telefunken sets of small power including a 
Telefunken airship set, and the Goldschmidt alternator. Special chapters 
are devoted to the transmitter, detector, and receiver, in which the general 
principles of the circuits and appliances of these parts of a wireless installation 
are set out. 

Thetwelfth chapter is devoted to measurements, and includes a description 
of the De Sauty bridge for capacities, and methods for measuring the dielectric 
losses in condensers, capacities of aerials and resistance, wavelength, coupling 
and decrement of circuits, together with the strength of received signals, etc. 
Most of the information given is correct and in keeping with the general 
style of the book, but the section on measurement of high-frequency current 
is rather misleading, since, after stating that the ordinary or shunted type 
of hot-wire ammeter is of no use for measuring high-frequency currents, 
a description of the Reiss thermometer is given as though it were a convenient 
instrument for the purpose, and the unshunted (or **shuntless ") type of 
hot-wire ammeter, which is to be found on large numbers of small radio 
sets, is not mentioned. 

It is standard practice with many companies to supply an ammeter with 
transformer for measuring the aerial current, especially in small continuous 
wave sets where some indicator of the sort is essential. 

The loss due to eddy currents in conductors which pass close to an energised 
aerial is wrongly ascribed as due to its not being well insulated for oscillatory 
currents. 

In the thirteenth chapter is given a page of conventional symbols for 
representing various electrical apparatus in diagrams, and the fourteenth 
and fifteenth are devoted to the regulations and instructions for stations 
licensed by the Postmaster-General, with a list of abbreviations and the 
Morse codes. 

The sixteenth chapter gives an account of various faults which may occur 
and how they may be localised, the Marconi 14 kW. set being selected as an 
example. 

In the glossary most of the definitions given are correct, although one or 
two are loosely expressed. The function of a telephone receiver is hardly 
“to make evident the presence of oscillatory currents in the circuits of the 
receiver.” This is the function of the detector which rectifies these currents, 
the actual current in the telephone being a varying direct current and not 
an alternating one. 

Under miscellaneous receiving apparatus is given a full description of the 
Brown telephone relay type A, but we believe that where relays of 
this nature are still used preference is given to the more stable G type 
employing a carbon microphone cell. 


W. H. N.. 


-. 
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RonrsoN's Manuat оз RADIOTELEGRAPHY AND TELEPHONY, 
for the use of Naval Electricians. By Captain 9. 5. 
Robison, U.S. Navy. Revised by Captain D. W. Todd, 
U.S.N., and Commander S. C. Hooper, U.S.N. (Annapolis, 
U.S.A.: The United States Naval Institute. London: 
S. Rentell t Co. Fifth Edition, 1919. Pp. 307. Price 
IOs. net.) 

This volume is the fifth edition of the work originally written by Lieutenant 
(now Rear-Admiral) 5. S. Robison, U.S. Navy, in 1907. The aim of the 
author and revisers has been to present the facts of radiotelegraphy and 
telephony in a form suitable for the use of naval student operators, and it 
may be admitted at the outset that the general reader who is not interested 
in the details of working of the U.S. Navy sets will find little in the general 
wireless sections that is fresh either in facts or treatment. It is natural to 
compare such a work as this with the volume recently issued by the U.S. 
Military Signal Corps under the title of “ The Principles underlying Radio 
Communication.” The latter volume proves quite clearly that it is not 
necessary to be inaccurate or to find refuge in hazy phraseology in an elemen- 
tary treatment of wireless theory, and increases the debt, already large, 
which all radio workers owe to the Bureau of Standards. The volume under 
review, in the comparison mentioned, is at an obvious disadvantage. 

Of the seventeen chapters of the book the first five deal with general 
wireless theory, including facts relating to high-frequency currents, pro- 
duction and detection of ether waves, units, and power expenditure and 
efficiency of sending and receiving apparatus. The treatment throughout is 
as non-mathematical as possible, but the fact that such statements as the 
following are allowed to pass in a fourth revision seems to indicate that: 
accuracy sometimes suffers at the hands of simplicity :— 

“The electric field” [between the plates of two geometrically similar 
condensers charged to the same potential difference] ‘‘ when glass is the 
dielectric is nine times as strong as that created when the medium inter- 
vening between the charges is air (page 35). 

* But in all other features receiving circuits are the exact analogue of 
sending circuits and the detector could occupy the place of the spark gap ” 
(page 68). 

* Lines of magnetic force” [inside a permanent magnet] “run from 
south pole to north pole ? (page 13). 

The discussion of capacity and condensers could certainly be improved. 
To verify that it is possible to explain in an elementary way how an alter- 
nating current does “ pass through ” a condenser in terms of the displace- 
ment current one need only turn to the other volume of similar pretensions 
mentioned above. 

The subject of the transfer of energy between coupled circuits is illustrated 
hy the very useful analogy of two pendulums connected by a flexible support, 

wr immediately afterwards being introduced to the quenched gap 
anu .is advantages. It seems a pity that the way had not been paved for 
SS 


522 | THE RADIO REVIEW Vor. 1. 


this by discussing the trend of events in the mechanical analogy if the 
primary pendulum is held rigid (corresponding to an open primary circuit) 
when its energy has been first transferred to the secondary pendulum. 

Chapters VI., VII. and VIII. are devoted to detailed descriptions of the 
transmitting gear of merchant ships and battleships, the subject being treated 
under the headings of Spark, Continuous Wave and Telephonic Trans- 
mitters. The descriptions are adequately illustrated by photographs, 
circuit and wiring diagrams. The Western Electric Circuit for the modula- 
tion of high-frequency oscillations, so ubiquitous in American service sets, 
is described in detail. The treatment of vacuum tubes is simple and on the 
whole interesting, though again one meets the old fallacy that a triode 
functions as an amplifier because the particular anode current— grid voltage 
characteristic is shown with a maximum slope greater than 45°. 

Chapters IX. and X. though devoted mainly to the subject of service 
receivers contain a useful discussion of the problems of reception in general 
including short accounts of. very recent American progress such as the 
experiments of Commander A. H. Taylor on underground antennz, Weagant's 
method of reception through interference, and the Alexanderson barrage 
receiver. Chapter XI. is devoted to a description of the high-power stations 
of U.S.A., and the following chapter to direction-finding. The descrip- 
tion of the radio compass seems unnecessarily laboured seeing that fully 
Six pages are required to point out the directional property of a coil and the 
ambiguity of the bilateral minima. The naval radio compass set is described 
in detail and a chapter on aircraft radio concludes the descriptive section 
of the book. 

The remaining four chapters deal with the installation, adjustment, care 
and operation of sets, wireless procedure and the commercial traffic regula- 
tions of the U.S. Naval Communication Service. The section on high- 
frequency measurements is exceedingly clear so far as it goes, but it requires 
bringing up to date. For example no mention is made of the now well- 
known methods of measuring antenna resistance with sustained waves. 

The book is illustrated by good diagrams and is in bold readable type— 
almost free from misprints. No index is included, the only guide to the 
various sections being a table of contents. 

E. V. APPLETON. 


Books Received. 


ErrcrRiIc OscirLATIONS AND Егксткіс Waves. Ву С. W. Pierce. (New York: McGraw 
Hill Book Company, Inc. London: McGraw-Hill Publishing Co., Ltd., 1920. Pp. ix. + 517. 
Price 30s. net.) 

Tue Year Book or WIRELESS TELEGRAPHY AND TELEPHONY. (London: The Wireless 
Press, Ltd. 1920. Pp. 1148. Price 105. 6d. net.) 

DESIGN AND CONSTRUCTION оғ AUDION AMPLIFYING TRaNSsroRMERS. Ву E. T. Jones, 
Assoc.M.LR.E. (New York: Ibe Experimental Publishing Company. 1920. Рр. 16. 
Price 75 c.) 

This little pamphlet gives constructional details for both radio frequency and audio 
frequency transformers for coupling the stages of a multi-valve amplifier. In the radio 
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frequency case details are given of a sectionalised winding with the primary coils sand- 
wiched between the secondary coils, while for the audio frequency case an iron-core 
transformer is described. 

Although the first transformer described is designated as a “radio frequency type" it 
nevertheless appears to be designed for low frequency amplification subsequent to the 
detection of the signals, but this point is not made clear either in the text or in the 
circuit diagrams. This view is strengthened by the statement that the iron-core trans- 
former can be used to replace the air-core one in the same circuit, while no mention is 
made of the position of the detecting valve in the two cases. Apart from this point, 
however, the details given appear to be amply sufficient for the construction of such 
transformers. р.р. с. 


Correspondence. 
TRIODE NOMENCLATURE AND SYMBOLS. 


To THE Еогтов oF THE * Rapio REVIEW.” 


S1r,—Dealing further with triode nomenclature and symbols referred to 
in the March issue of the Rapio Review, may I suggest that the word 
“amplification” be limited to the domain of actual voltage or current 
amplification? This would then leave the phrase “ relay action" for use 
in connection with the two mutual conductance ratios 04/09; and 0%/004. 
That is, the word “ relay ” would imply the transformation of potential to 
current or vice versa. 

From this standpoint the word “ detector” should be limited to a 
symmetrical relay action. Thus, also, with the range of grid potentials 
in which no grid current actually flows in a triode, we can refer to a pure 
relay or detector action. 

А. Press. 


East Pittsburg, Pa., 
April 28th, 1920. 


THE KALLIROTRON. 
То THE EDITOR or THE “ Rapio Review.” 


SIR,—1 have now seen a copy of Mr. Marius Latour’s recently published 
French specification No. 501472, referred to in his letter of April 19th, 1920. 
I shall be glad if you will allow me to express my views as to its bearing on 
the Kallirotron. 

The arrangement shown in the figure accompanying Mr. Latour’s letter 
can not, in my opinion, correctly be designated an amplifier. As the patent: 
specification states, “ L'invention se rapporte à un système de lampes, à 
trois électrodes, susceptible de réaliser par le montage méme l'équivalent 
d'une impédance négative de valeur quelconque." This is the whole of the 
* Résumé " of the specification, and the single arrangement disclosed is that 
illustrated in Mr. Latour's letter. That a negative impedance can be used 
in the construction of an amplifier of E.M.F. is well known—witness the 
elementary alternating-current laboratory experiment with an inductance 
and a capacity in series, designed to show the student that the P.D. across 


a 
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a part may be greater than the P.D. across the whole; but amplifier is 
surely an inaccurate description of a box of apparatus with only two terminals 
for connection to an external circuit. The Kallirotron amplifier, on the 
other hand, is a true amplifier of change of P.D., with tw@ input terminals 
and two output terminals. 

This distinction between Mr. Latour's negative-impedance producer and 
the Kallirotron amplifier, as shown for example in Figs. 1 and 3 of my paper, 
is emphasised by a comparison between them when the circuit values are 
symmetrical іп each case. In the former, owing to the absence of anything 
corresponding to my resistances К; and Re, change of anode potential in 
either triode never numerically exceeds the change of grid potential; whereas 
in the latter there is the ordinary amplifier ratio (viz. up to the triode 
amplification factor у = g/a) between the anode and grid changes. 

In arriving at the ratio between the repeat E.M.F. appearing between 
the output terminals and the E.M.F. applied between the input terminals 
of the Kallirotron, the theory was conveniently stated in terms of negative 
resistance. It is to be noted that the negative resistances are within the 
amplifier, and the external circuit in which the magnified repeat E.M.F. 
appears has no cognisance of them, nor is its presence necessary to produce 
them. The negative resistance (expression 9, page 320 of my paper), is a 
term in the resistance of the anode-filament circuit of a triode; in Mr. Latour’s 
device, the negative impedance appears between the grid of one triode and 
the anode of another if and when an external circuit is connected across 
these points. With regard to originality in the negative-resistance presen- 
tation, I think my statement on page 317, “ It is well understood that the 
most important effect of such retroaction is the reduction of the ohmic 
resistance of the circuits," clearly shows that I made no claim in this respect ; 
and I referred to the Dynatron because it was mainly from Mr. A. W. Hull’s 
article that I gained an appreciation of the utility of the conception. I am 
quite prepared to accept Mr. Latour's statement that he has “ been the first 
to introduce the idea of negative resistance in the conception of certain 
amplifier connections." 

For the rest, asymmetric amplification (rectification) and limiter-amplifica- 
tion, being particular’ ses of amplification, are not referred to in Mr. Latour’s 
specification. Neithei-do?»s he mention the use of his device to generate 
oscillations, It can, of course, be used for this purpose, but the circuits are 
not the same as those of Fig. 8 of my paper. The ingenious division of the 
anode batteries into two parts in order to make grid batteries unnecessary, 
as described by Mr. Latour, seems an excellent arrangement. 

i L L. B. Turner. 
King's College, Cambridge. 
Fune 12th, 1920. 


ERRATUM. 


Page 397, Abstract No. 355 (May, 1920), the “< Radio Review” reference 
should read: 1, pp. 178—181, January, 1920. 
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The Effect of Ionization on a Characteristic 
Curve of a Three-Electrode Valve containing 
a Trace of Gas." 


By B. HODGSON, O.B.E., M.Sc, Ph.D., and L. S. PALMER, B.Sc. 


The phenomena to be described afford a simple and quick method of 
determining with relatively coarse measuring instruments the potential 
through which an electron must fall to produce ionization. 

If the grid of a “hard” valve is maintained at a constant potential v 
positive with respect to the negative end of the filament and the plate 
potential V varied, the characteristics shown in Fig. 2 can be obtained. 
Fig. 1 shows the circuit used for obtaining them. 

These characteristics differ from those commonly figuring in radio- 
telegraphy—in that the grid current % and the plate current J are given as 
functions of V (v being constant), instead of functions of v (V being constant). 
The dotted curve shows the variation of grid current % with plate voltage V. 
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* Article received April 21st, 1920. 
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The current to the grid increases as the plate potential increases up to the 
value V — 0 and then steadily decreases. The full curve of Fig. 2 shows 
the variations of the plate current 7 over the same range. 

Up to the point V — 0, the grid takes practically all the current, since 


e 12 16 
PLATE VOLTS.(V) 
Fic. 2. 


those electrons which pass through the grid wires are turned back to the 

grid by the retarding field between the grid and plate. When V becomes 

positive the plate current begins and increases with V very rapidly—more 

rapidly in fact than the electron emission from the filament in the case of an 
open grid valve, so 
that the grid current 2 
decreases as V in- 
creases. 

In the case of a 
valve containing a 
trace of gas the (1 — V) 
characteristic is shown 
by the dotted curve 
of Fig. 3. Тһе grid 
current with V posi- 
tive and increasing 
does not decrease con- 
tinuously but at a 
point A (Fig. 3) com- 

emences to increase. 
4 O 4 8 12 Іс This can be explained 
— PLATE VOLTS. + in the following way. 
Fic. 3. When the plate po- 


Auc. 1920. HODGSON anp PALMER: Ionization 527 


tential is such that the electrons passing through the grid can acquire 
sufficient energy to ionize the gas by collision, then ionization will occur 
near the plate and some of the positive ions produced there will pass to 
the grid and some—the larger portion in the case of an open grid valve— 
will pass to the filament. This bombardment of the filament by positive 
ions produces an increased emission of electrons. It is this increased emission 
of electrons that yields to the grid the increased current at the point A on 
the dotted curve of Fig. 3, and to the plate, the increase shown at B on the 
full line curve of the same figure. The hard valve characteristics of Fig. 2 
preclude any explanation of the increase in grid current due to the emission 
of positive ions from the grid wires or plate by electronic bombardment, for 
such emission would occur whether a gas were present or not.* The plate 
voltage V' (Fig. 3), at which the change in current is indicated is not the 
ionizing potential because the electrons are emitted from the filament with 
varying velocities and because the majority of them come from the mid- 
point of the filament—z.¢., from the hottest part of it. Thus the energy 
possessed by the majority of the electrons on arriving near the plate is that 


obtained by falling through a voltage of V’ — $+ € where 0, is the 


voltage fall along the filament and e is the emission velocity of those electrons 
from the mid-portion of the filament. In the case of the audion which had 


a V filament the expression becomes V' — " + е. The method does not 


claim to be a precisión method for finding the ionizing potential—but it 
gives results in good agreement with those obtained by other observers. 

The value of e was obtained by a method similar to that adopted by Van 
der ВИТ А small positive potential was applied to the plate, causing a 
small plate current to passthrough a galvanometer. The grid potential was 
made negative so that this current just became zero. Then — v = yV + e 
where y is a constant depending upon the geometrical arrangement of 
the electrodes. By obtaining zero current with two different values of v 
and V, у can be eliminated and e found. Some electrons of greater emission 
velocity will be present in numbers too small to be indicated by the galvano- 
meter, but as a coarser current measuring instrument was used to detect the 
ionization, no great error will be introduced by neglecting these. 

The valves used were the N.P.L. No. 2 valve containing mercury vapour, 
the R2A receiving valve containing helium; an R receiving valve filled 
with pure argon to a pressure of 0:5 mm. Hg., and the audion—an air valve. 
In this valve the oxygen would be absorbed by the tungsten filament and 
finally sputtered to the sides of the valve as tungsten oxide, leaving as a gas 
residue nitrogen. : 

The values of e were measured before and after the ionizing voltage was 
found and the mean value used. The decrease in the value of eis due to the 
increase in resistance of the filament with use, caused by evaporation of the 
tungsten. l 

* Proceedings of the Royal Society, 954, p. 408, April tst, 1919. 
T H. J. van der Bijl (Physical Review, 12, p. 171, 1918). 
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The voltage along the filament was kept constant during the experiments 
—and not the current through it. 
Some values of e are given in Table I. 


TABLE I. 
€ 
Valve. Mean e V, 
Before. After 
N.P.L. Ко. 2 1-96 1:88 1:92 3°0 
R2A я 1:50 1:25 1:37 379 
Audion . Д 1:79 1:68 1:74 3°5 
К (argon)  .| — — 39 34. 


Fig. 4 represents a family of curves obtained with the N.P.L. No. 2 valve. 
They represent the (% — V) characteristics for different values of grid poten- 
tial v, the filament voltage v, being constant. 

Fig. 5 shows the (% — V) characteristics with constant v and varying vy. 

It will be seen from Figs. 4 and 5 that the sharpest bend on the (4 — V) 
curve is obtained when v, is as big as possible and when v is nearly the 
ionizing potential. | 

From Fig. 5 it will also be seen that below a certain filament temperature 
there is no tendency for the current to increase when the plate potential 
reaches the value of the ionizing potential, because the number of collisions 
has decreased so much that the resulting ionization is inappreciable. 

Some results for the ionizing potential for mercury are given in Table II. 


Tasrr IL—N.P.L. No. 2 VALVE. 


Ionizing | 
y* v Mean €. v, potential 
(volts). | 
DL Kc UE a ee DEN RT TD DNUS ---- 
9:8 8 2°2 29 10:56 | 
94. 6 2:2 270 | 9:9 | 
9°6 4 2:2 3'0 10:3 
9:5 2 2:2 3:0 10:2 | 
10-4 8 1:6 2:95 105 
10:3 6 1-6 2:05 10:4 | 
9:8 4 16 2°95 99 | 
9:7 8 2:2 3:0 | 104 
10:0 8 1:9 270 1044 
11-5 8 o'I 2:0 | 10:6 
II-O 8 І 
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150072000 - The mean value 
obtained from these 
experiments is 10:3 
volts. 

Typical curves from 
the four valves in 
question with the cor- 
responding numerical 


malate ДД 
data are given in 
respectively. 
200 The values for the 
ionization potentials 
of mercury vapour, 


nitrogen, argon and 


helium are found to 
| aap Se ke А 16:6 


" 10%, 174, i 
and 21:9 volts respec- 
AN. P.L.N?2 (нә) "€ tively. 

The value obtained 
NM LP NH for mercury vapour 
agrees with the gene- 

raly accepted value. 
In the case of nitro- 
gen Davis and 
Goucher * obtained 


18-5 volts, whilst 


CRID CURRENT D 


-2 2 16 24 29 Smytht obtained a 
PLATE VOLTS (М) | value of about 18 
Dio volts as the ionizing 


potential. Other ob- 
servers have obtained 7-5 volts which is in all probability a resonance 
potential. The results obtained by the present method tend to confirm 


TABLE ПІ. 

| | | lonizing | 

Valve. y! t Mean e. | v, | potential | 

(volts). | 

PERENNE NE QN EE Бі | 

N.P.L. No. 2 (Mercury | | | 
vapour). .| IOO 8-0 1:9 зо | 104 
Audion (Nitrogen) | 16-5 15:0 177 35 | 174 
R (Argon) : | 144 13:0 39 1 34 |. 166 
R2A (Helium) . | 22-0 10:0 1-4 | I°5 | 21.9 


* B, Davis and F. S. Goucher (Physical Review, 13, pp. 1—5, January, 1919). 
t H. D. Smyth (Physical Review, 14, pp. 409—426, November, 1919). 
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the higher value as the true ionization potential of nitrogén. The value 
of 16-6 volts for the ionization potential of argon is in accordance with the 
result of 17 volts recently found by Rentschler.* Horton + obtained а 
value of 15:1 volts, with à marked increase in the ionization when the 
potential fall was increased to values ranging from 17 to 21 volts. In the 
case of helium there is considerable divergence of opinion as to its ionizing 
potential. Till recently 20:5 volts was generally accepted as the voltage 
through which an electron must fall to gain energy enough to ionize, but 
Richardson and Bazzoni found 29 volts | and both Horton § and Rentschler * 
about 26. The present work indicates 22 as an upper limit for the ionizing 
potential. It was thought possible that the ionization indicated might be 
due to collisions—coincident in time—of two electrons with one molecule. 
To test this point the filament temperature was lowered just so far that 
lonization was not detectable at 22 volts, and V was then increased up to 


Fic. 7. 


50 volts, but no ionization was observed, and with no adjustment of filament 
temperature could ionization be detected except at 22 volts. 


The upper bend in the (2 — V) characteristic suggests a new use of the 
valve as a detector of wireless signals. "The rectification will be most efficient 
when the plate voltage V is approximately zero, since at this value the 
plate current is just commencing. 

Fig. 7 shows the electrical arrangements for this use of the valve, but it 
was found that this method gave results decidedly inferior to any of the 
valve methods in general use. 

SUMMARY. 

The (% — V) characteristic of a soft three-electrode valve yields a quick 

method of obtaining the ionizing potential of a gas. 


Physics Department, 
The University, Bristol. 


* Н. C. Rentschler (Physical Review, 14, рр. 503—515, December, 1919). See also 
Rapiro Review Abstract No. 561, July, 1920. 

+ Е. Horton and Miss А. C. Davies. (Proceedings of tbe Royal Society, 97^, pp. 1—22, 
March 1st, 1920). | 

tf О. W. Richardson and С. В. Bazzoni (Philosophical Magazine, 34, pp. 285—307, 
October, 1917). 

$ Е. Horton and Miss А. C. Davies (Proceedings of the Royal Society, 954, рр. 408—429, 
April 1st, 1919). 
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The Diffraction of the Field by a Cylinder 
and its Effect on Directive Reception on 


Board a Ship. 
By Commandam RENÉ MESNY. 
L—THEORETICAL PROBLEM. 


1. Aim of the Paper.—The mathematical investigation developed 
below was undertaken with the object of discussing the outline of a theory 
for the deviations observed in a radiogoniometer aboard ship. 

The conditions of the theoretical problem that we have assumed differ 
somewhat from the actual conditions and it is therefore difficult to predict 
to what extent the results of the calculation should agree with the 
observations. 

As a matter of fact the coincidence is remarkable, and the distribution 
of the field which we have deduced may be regarded as accurate not only 
qualrtatively but also quantitatively. 


2. Nature of the Problem.—We shall consider a plane wave havinga 
wavefront in a vertical plane. The fields are polarised, the magnetic field 
being horizontal. This wave impinges obliquely on an infinitely conducting 
cylinder with horizontal axis and we shall determine the field diffracted 
by the cylinder. 

The problem is dealt with in an absolutely general manner, without, . 
however, calculating the harmonics, and in conclusion the practical caseis 
treated in which the radius of the cylinder is small compared with the 
wavelength. 

In virtue of the principle of images, the solution of the problem is also 

that of the case in which the wave is 


confined to an indefinite horizontal con- 
ducting plane on which a semi-cylinder 
is resting (Fig. 1). 

Fic. 1 The chief differences between the 
actual case and the theoretical problem 
| are as follows :— 

(1) The ship is not an infinitely long cylinder. 

(2) Its transverse section is not circular but nearly rectangular. 
(3) The sea is not a perfectly conducting plane. 

(4) The metal is likewise not infinitely conducting. 

It may be noted that the length of a ship is from six to eight times its width, 
and about ten times its depth. If the wave direction is not inclined to the 
axis at too small an angle, the distribution of the field will then be very close 
to that of the theoretical case. 

The second objection is more serious, but the study of a rectangular 
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section involves difficult calculations which have not been completed, 
and as has been said above the results obtained for the circular cylinder are 
extremely close to the observed values. 

As regards the imperfect conductivity of the sea and of the metal (or of 
the earth if the field on a hill is being considered) there is 1.0 need to trouble 
much about it, If the resistance of these elements is taken into account, 
it is found that the correcting terms do not exceed one-fortieth of the principal 
term as long as the conductivity is greater than 10-13 e.m. units, which is 
the average conductivity of damp soil, 10-1 being the conductivity of the 
sea. These correcting terms are moreover proportional to the square root 
of the conductivity. 


3. Notation.—Cartesian co-ordinates 7, y, 2. 
Cylindrical Ж 2, p, 0 


Components of the magnetic and electric fields) : 
in Cartesian co-ordinates J X, Y, Z; жъс 
Components in cylindrical co-ordinates X, N Т; хит. 


Unaccented symbols refer to the fields of the cylinder, whilst those with 
accents refer to the wave field, unless otherwise stated. 


Fic. 2. я 


ф 15 the angle between the normal to the wavefront and the axis of the 
cylinder ; the positive directions are indicated by arrows in the figures. 

Finally, ро is the radius of the cylinder, and we may put 

2r/A=a; apsind=r; Aappsind)=f;  Polp =m. 

Our equations will be expressed in the form due to Hertz, the magnetic 
quantities being measured in the e.m. system and the electric quantities in 
the e.s. system. 

J and K are Bessel functions of the first and second kind, and 0, the 

ОК (г) 


combination | E) + iar | 
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4. Equations.—We have in the Cartesian and cylindrical systems, 


1 dy ОХ 97 
c ot 05 Фу 
10 00 ox 
Eten bre кой, AXec3^ ee Xd 
c o да 0% Q) 
1% 2Х ay 
c 0 ду ðr 
1% 7,97 там 
с ді р Ор р 0 
Loy 10Х 01 НИС 
с 0! p 00 ox 
ое Т/Ж 
c 0t да Op 
where c = the velocity of light. 
All these elements satisfy the equation 
1 eU 
AU == E . 712 
which in cylindrical co-ordinates may be written 
Фи ,10U 1 U EU 100 . (3) 


00» пр 06 7 ра op» T oue св op 

In the steady state, the value of the function U of the system, in a section 
perpendicular of Oz, and passing through M is the same as it would have in 
the plane y 2 when the wave had advanced Бу ОР = O M cos ф = г cos д, 
that is to say at the end of an interval of time equal to 2 cos ф/с. The 
variable x is therefore necessarily associated with ¢ in the expression for 
U, and these two variables can only occur there together in the form 
(t + x cos d/c). 

We may therefore put 

U = yei (t/T +- 2 соз ф/А) 


whence, putting а = 27/A we get 
U ue ug. 2 5 ок жоя X) 
и is only a function of p and 0, so that equation (3) becomes 
ди low, 10% 
др? ' p Op ' р? 008 — 
If u is expanded by Fourier’s series 
и = Uy + 4 sin 0 + т cos 0 + и, sin 20 + т, cos 20 + 
the functions u, and v, of p will be solutions of the equation : 


— a? sin? фи 
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Фи, | 1 du, ee n? u 
dp? 244 (s sın $- та) u, =0 


Putting pa sin ф = r, this equation may be transformed into 


d^u, , ldu, n? u 
i + par (3t 
for which the solutions are Bessel functions of the n" order. 
The functions K correspond to the actual problem, so that we may put 
иа = 24, K,(r) 
0, T 24," K, (r) 
Hence 


u = 4,Ко) + 2 > (4, sinn0 + A,” cosn8) Kar) . . . . (б) 


Calling U’ the value of the element considered if the wave existed alone 
and the cylinder were not present, it would evidently be a solution of (3). 
As the total element J is a solution, so likewise will be their difference since 
equation (2) is linear; in other words the part of U which refers to the 
field diffracted by the cylinder can be represented by equation (5). 

In the following the unaccented symbols will be reserved for the com- 
ponents of an element referring’to the diffracted field, while the accented 
ones will represent the corresponding elements of the wave. 


Puttin 
5 M => get 4- az cos Фф) 


we have 


ХМ = A,K,(r) + DEN sin n0 + A," cos n0) K,(r) 
УМ = ВК" + X. sin n8 + В," cos n0) К.(ғ) (6) 
ZJM = OK) + S (С, sin n0 + C," cos n0) K,(?) 

1 


Taking the amplitude of the magnetic field of the wave to be unity, and. 
reckoning the positive direction that in which ¢ increases, we have 


H= got + 65 cos + y sin 4)] — М ge T (7) 
To combine this with the field of the cylinder it must be expanded by 


the Fourier series. In this connection it.should be noted that y — psin 6, 
and we then have 


| Jor) + 2J,(r) cos 20 + 27,(г) cos49) -- . .. .. ) 
+j [2J,(r) sin 0 + 27,0) sin30-- . . ... 7 


where the Ja Ла, etc., are Bessel functions of the first kind. 


Н' = 
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5. Determination of the Coefficients—The coefficients 4, В, C, 
may be determined by the limiting conditions which are given by the 
tangential electric field being zero on the surface of the conductor and by 
the magnetic field being perpendicular to it. 

For this purpose it 1s convenient to utilise equation (2), and by noting 
that the electric field of the wave has no components parallel to the axis of 
the cylinder, we have for p = pg, 


N+N’'=0 
(X + X) 
др 
T 07 10N 
p p p08 
1 ОЛ” 
=~ 


which for convenience in calculation when r = ry шау be replaced by 


Num NIV о 4-9. B) 


ОХ OX’ 
Be г ee eS 4 (9) 
oT ON’ 
ааа С ы 
Т + r 30 опити (10) 
where r = apsind. 
We have, moreover, 
X шш -- H' sin ф 


N = Ysin@+ Zcos@ № = H' соѕф ір 0 

T = Үсоѕ0 – 2910 Т' = Н'соѕфсоѕ 0 
and we find by equating the coefficients of sin 0 and cos біп equations (8), 
(9) and (10) 


Jo ( J, В 
ER Je ^ NEC К.(т) соѕ20 + ..... 


“7 


Е da . 
9. Kyl) sin 0 + 2 K,(r) sin 80--... | 


Pra в )} sin0 + 
+ !D,K,(r) — E,K,(r)) sin36 + 


Е _ T 
ud М: K,(r) — {D,K,(r) — E,K,(r г) cos 20 +... | 
ли E,K,(r)) cos 0 + 

+ {DK (г) + E,EKí()] cos 30 4- 
Lei pao + EE) sin 20-4 Tr ] 
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where 
! (p + 2), + (т) + ro, + (ғ) 
=— 2 Ero O K АТ Е га 
D,—— а Со) f o0, + alte) + Ks + aa) 0S 


2) К.) — "К, -2 (ro) 
E, шары СТ T (p — 2 0222 0 
100 KO L6) + Ky - tour) 

6. The Case when p/A is small.—Let us now suppose that the radius. 
of the circle is sufficiently small for (пф/А)? to be neglected in comparison 
with unity, then (r/2)? will be negligible (since r = (27 sin ф)/А) and the 
results may be simplified. 


Fic. 3. 


This hypothesis is quite permissible if we are considering the effect of a 
ship on waves of greater length than 600 m., when pg is in fact less than 
15 metres. In this case we have 


Jo = 1; Jo = — 7/2; Ky = log. 2; К = — 


1 (тү я ре 
2, = 5 (5) 3 ман (5) c 

1 /2\? E p+1 
к,= 5; (5) 3 ще жесіп (7) 


In these expressions у is Euler’s constant, which however will not affect 
the results. Putting B = 70/2 we find, 


Јо (Го) _ әрз : 5 (ғо) —_ рәр. Јо (о) — 2. D-0: D 0: 
Ко (ro) В; Kp (ro) зара Kir) | RE í ~ 


Ф (го) = P В-?; E, = 2B? ; E, = 2(2--1) por-? 


7. Consideration of the Magnetic Field—Let us further put 
19/7 = ру/о = т, then the expressions for the field become 


= | 


Е --9зпф. өзен До log. z — 5 B?m? cos 20 + j[— Вт sin 6] 
AA = COS $. е Mond. — m? sin 0 + 3[—Bm + Bm? cos 201) 
€ t9 


= = cos ф. е25:2 9$ m? cos 0 + ;[Bm? sin 20] 
с“ 
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Calculating the Y component, Y = N sin 0-- T cos 0, of the magnetic field 
in the plane y z. 

Y = е“ .cos ф (т? соѕ20 + j[— Bmsin 0 + Bi? sin 30|} . . (11) 

Further to study the magnetic field we will neglect the terms in X which 
involve B? so that we can compare this field with others which contain 
terms independent of В; we then have in the plane y 2 

X = e".2snó[(j[—Bmsin6]) . . . . . (12 

It is interesting to compare the X and Y components of the field due to 
the ship with that of the wave, which at the point R in the plane yz has by 
equation (7) the value 

H' 22 e Я ci^ sin $ — cit . c)! sin 6 
which may be written 
H' = е“ (1-4 jrsin 0) 

If we evaluate the ratios X/H’ and Y/H' the real parts will represent 
the ratio of the parts of the fields X and Y in phase with H' and the 
imaginary parts the ratios of the parts of X and Y in quadrature with H’. 
Writing these ratios as (Х, + X,),  (Y,-4-jY,, and noting that 
1/H' = е“ (1— jr sin 0), we have 

X,+ JX: = j [— 2Bmsin 0 sin ф] 
Y, + jY, = {m?cos20 + j [Bm (1 — m?) sin 30|} cos 
Finally at a point exterior to the cylinder defined by the co-ordinates p 


and 0, the disturbing magnetic field has the following components in relation 
to the wave field at this point 


: X ung. 
Components 1n phase with the wave field | Y, um Ip)? ӘЙ eer 4) 2,75 (13) 
Components in | Ag == ха (ё) sin 0 sin? ф 


uadrature 
q А 5 l Е (14) 
— “Ро [Po -- (Ро - : 
Y, я (&)| 1 (2) | sin 36 sin 24 


with the 
wave field. 
It may be потед that the field in quadrature vanishes if the point R is in 
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the vertical plane passing through the axis. Further that its component 
Y, is very small compared with X, in the neighbourhood of the cylinder. 


_8. Consideration of the Electric Field. —Substituting the values 
given by equation (11) in equation (2), we get for a point situated in the 
plane y 2, 


х--0 M 
ем E^ (%) cos 0 | 


СЛ — (P) sin2dsing | 


2. 
| . -— (>) sin 0 
т = 6“ p 


j| - 7h (e) [1— (ее) | cos 26 sin ф | | 
whence 


2 
ше (%) sin 20 
n= c^ р | 


j| — 72 (%) cos 0 sin ф + (е) cos 39 | 


2 
— (% cos 26 
2 and ci^! | " 
: т (£o) p - (е) за | s | 
4j ме | sin 0 А sin 30 г sing 
The real part of this field v}, то represents the part in phase with the 
‘electric field of the wave along the axis Oz. 


. (15) 


From the expressions 
А р 2 
n = — ем (%) сов 0 
ge 
Ti = — et (2) sin 0 


for the field in phase with the wave field at O we can easily show that the 
lines of force of this field are circles, tangent to Oz at O (Fig. 4). | 
The field in quadrature is very small in comparison with the above and 
is not of interest for the problem in hand. 
The electric field of the wave is given by the third equation of (1). We 
find for a point in the plane y z 
Ü ЖАН еди eit я cy sin à 
or 
{i = — e (+ jaysin) 
Comparing the principal components of the fields due to this wave and 
to the cylinder we arrive at the following conclusions :— 
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(а) In the neighbourhood of the vertical plane through the axis of the 
cylinder, the field due to the cylinder is in the same direction as that due to 
the wave. They therefore add together arithmetically. | 

(b) At the surface itself the field due to the cylinder is equal to that due 
to the wave, so that the total field is double that which would be present 
without the cylinder. 

(c) The field due to the cylinder is inversely proportional to the square of 
the distance from the axis. 

(4) These properties of the electric field are independent of the direction 
of the wave. 


(To be concluded.) 


The Efficiency of Aerials. 
By THE EDITOR. 


Of the total power supplied to the aerial of a transmitting station a portion 
1s dissipated in the resistance of the wires constituting the aerial, tuning coils, 
secondary winding of the oscillation transformer, and earth or counterpoise 
wires, a portion is dissipated in imperfect dielectrics situated in the electric 
field, such as wooden masts, buildings, soil, etc. and a portion is radiated. 
If К be the total effective resistance of the aerial and I the root-mean-square 
current, we may write 


DR = (В, Ra + В) 


where the suffixes w, d, and r refer to wires, dielectrics and radiation, respec- 
tively. Of the three terms the first can be calculated with considerable 
accuracy and can be kept small by suitable design, the third can also be 
calculated with some degree of confidence, but it 1s very difficult to form 
even a rough estimate of the second term. . 

The power radiated from an antenna of height h at a wavelength A is 
equal to 1584(h/A)?I? watts on the assumptions that the upper capacity is 
so large that the current has the same value at every point of the vertical 
wire and that the height is small compared with the wavelength. The latter 
assumption is usually justified, and any doubt as to the former is removed 
by taking h to be the effective height, which is less than the actual height 
by an amount which can be calculated approximately in many cases. The 
radiation resistance В is therefore equal to 1584(А/А)2 and is inversely 
proportional to the square of the wavelength. With regard to the dielectric 
losses it is known that the power-factor of a condenser, 1.¢., the ratio 
of the power dissipated to the product of current and voltage is approximately 
independent of the frequency. Hence 1%В, bears a fixed ratio to IV where 
V is the voltage to which the aerial is charged, or, since I = «VO and 
IV = I?[(mC), Ва must bear a fixed ratio to 1/(wC) and wCR, must be 
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constant. Ва is therefore inversely proportional to the frequency or directly 
proportional to the wavelength. Now not only can В „Бе made small but it is 
less dependent on the frequency than either В, or Ra. If the wavelength is 
increased by inserting additional turns in the inductance, the conductor 
resistance would thereby tend to increase, but this would be counteracted to 
some extent, if not entirely, by reduced skin-effect. As ап diu s Е, 
тау therefore be regarded as constant, and the equation R = R, + Ва + В, 
may be written 


R=a+P+5 


where о, b, and с are constants. 


aR, 2 

dÀ АЗ 
If R be plotted against А, the slope of the curve will therefore Бе negative 
for values of A less than У (2c/b), but positive for higher values of A. The 
total effective resistance is a minimum for that value of А which is equal to 


M (2c/6). Calling this value of the wavelength À,, we have 


4/20 
А» = NI. 


and for the value of the total effective resistance at this wavelength we have 
Rp = а + БА, + да 
=a x: An + ха 
елате + ЗВ, 


where Л, is the radiation resistance at the wavelength A,,. 

The total resistance is a minimum for that wavelength at which the 
dielectric losses are twice the radiated power. From the observed values of 
R at three different wavelengths it should be possible to calculate the three 
constants а, b, and c, and thus determine the three component resistances, 
but the measurements would have to be made with special care to give 
accurate values. If it be assumed that A, is negligibly small, then at the 
wavelength A,,, the radiation resistance is a third of the measured total 
resistance, and therefore в. 

h? 
3 = 1584 —, ха 
from which the effective height can be calculated. 

In the Bulletin of the Bureau of Standards* L. W. Austin has given curves 
showing the measured effective resistances of a number of aerials at various 


* Bulletin of the Bureau of Standards, 9, pp. 65—72, 1913. 
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frequencies. Although the data given are rather scanty, we have applied 
the above formula to each case with the results shown in the following table: — 


Length. | CAP29 Height. 


Aerial. Metres. Metres. 


farads. 


——— — —— | ————— |— M ——— 


Bureau of Standards, harp . | 426 1-26 54:8 


Signal Corps, flat top . .| 445 1-71 39-6 
Capitol, flat top . . . 85 2-32 44-2 
Navy Yard, harp . 3 . 51:8 0-73 54-8 
0.5.5. Maine, flat top . .| 3829 1-25 38-4 
0.5.5. Massachusetts, flat top. | 244 1-10 39 
137 
Arlington, sloping top . я -- 9-4 | to | 
| 183 


The last column gives the effective heights calculated in this way on the 
assumption that the wire resistance В is negligible; it is certainly not 
negligible but in the absence of further data it can only be said that the actual 
values of the effective heights must be less than these calculated values, and 
in some cases probably very much less. It has been stated that the Arlington 
antenna has an effective height of 137 metres, but how this was determined 
we do not know; the above calculation indicates a much smaller value. It 
should be pointed out that this aerial is supported by three steel towers in 
which currents will flow in opposition to that in the vertical portion of the 
aerial, thus reducing the radiated power for a given aerial current and 
lowering therefore the effective height. Insulating the feet of the towers 
instead of connecting them to the earthing system may reduce these currents 
to some extent, at the expense, however, of additional dielectric losses in the 
neighbourhood of the feet of the towers. The aerial together with the towers 
form a system of partially closed loops, and the losses in the towers should be 
included in I?R». 

The San Paolo aerial at Rome is supported by three wooden lattice towers 
218 metres high ; itisstated* that it has a.minimum resistance of 3-25 ohms 
at a wavelength of 7,000 metres. Reception tests on a calibrated frame 
'aerial indicate an effective height of 138 metres. Neglecting В, the above 
formula gives an effective height of 183 metres; to obtain 158 metres, one 
must assume the conductor resistance В, to be 1-4 ohms.  Thisis ап improb- 
ably high value of В, and tends to confirm the doubt expressed in the paper 
referred to as to the accuracy of the measured resistances with undamped 
waves. Fig. 1 shows the measured effective resistance of the San Paolo 
aerial at various wavelengths. The curve is plotted from values calculated ` 
from the formula R = 0'5 + 0'26A + 54:°3/A% This formula gives the 


minimum resistance at a wavelength of 7:5 kilometres. 


* Proceedings of the Institute of Radio Engineers, 8, p. 142, April, 1920. Каро REVIEW 
Abstract No. 538, July, 1920. 
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It is evidently desirable that very accurate measurements should be made 
of the total effective resistance at various wavelengths of different types of 
aerials making allowance for the high-frequency resistance of the aerial, 
tuning coils, and earth wires, or counterpoise. By making such measure- 
ments on aerials with steel masts and wooden masts, with earthing wires and 
insulated counterpoises, much valuable information would be gained as to 
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plotted from the equation Е = 05 + 0:264 + 54'3/X*. 


the magnitude of the losses and as to the use or misuse of every kilowatt 
generated. With the limitations at present imposed by the stage of develop- 
ment reached in the construction of large thermionic valves, the last-named 
consideration is one of the greatest importance. 


The Report of the Imperial Wireless 
Telegraphy Committee, 1919-1920. 


The committee which was appointed on November 24th, 1919, by the 
Secretary of State for the Colonies, “to prepare a complete scheme of 
Imperial wireless communications in the light of modern wireless science and 

чи 2 
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Imperial needs ” published its report at the end of June. The report covers 
twenty-eight pages and can be obtained from His Majesty’s Stationery Office 
for sixpence. We propose here to do no more than review its main features. 

As the result of continuous watches kept by the Post Office on the work of 
the chief European long range wireless stations, the committee came to the 
conclusion that the services do not reach a satisfactory commercial standard 
and they state that they are of opinion that no satisfactory commercial 
wireless service, as they define the expression, is in operation anywhere 
to-day over a distance exceeding 2,000 miles. For distances over 2,000 miles 
the power required increases as the sixth power of the distance. The power 
considered necessary for the transatlantic service has gradually grown from 
25 kW., with which Mr. Marconi attempted it in 1901 to 1,000 kW. which is 
the power of the Poulsen arc being installed at Bordeaux and this in spite 
of the vastly increased sensitiveness of the receiving apparatus. The 
committee therefore recommend that the links in the Imperial chain be not 
greater than 2,000 miles each. With the exception of the Poulsen arcs at 
present being constructed for the Oxford-Cairo service, the committee 
recommend the use of thermionic valve generators for all the transmitting 
stations. The merits and demerits of the various systems are discussed 
and the reasons set out for the policy recommended. At the request of the 
Imperial Communications Committee, the proposal put forward by the 
Marconi Company was considered and is discussed in the report. The 
committee decided against it on various grounds, but mainly on the ground 
that the scheme is so ambitious and costly that the possibility of its financial 
success is very remote. They report that from the point of view of wireless 
technics the Marconi Company’s proposal is much too vague to allow of 
useful comment. | 

The committee recommends that the former German station at Windhuk, 
which is connected with Cape Town by land lines, be fitted up at once as a 
valve transmitting station to communicate with Cairo 012 a new station to 
be erected at Nairobi. 

To carry out their suggestions the committee recommends the appointment 
of a Wireless Commission of about four members to plan the stations, the 
construction of which would be carried out by the engineering departments 
of the Post Office. The committee consider that the complete chain of 
eight or ten stations could be completed within two years of the issue of ` 
plans and specifications. They recommend that long distance wireless 
traffic with foreign countries be left to commercial companies. “Both 
services would profit by this healthy competition." 

С. W. О. Н, 


The Development of Thermionic Valves for Naval Uses.* 
| © By B. S. GOSSLING. 


During the period of the war the thermionic valve passed through all the various stages © 
of transition from an instrument whose operation was erratic and theory obscure to a product 
n -———— — —— nA ——A————""^CC"""O"——————————————————————————————————,— Mw — 


* Abstract of paper read before the Wireless Section of the Institution of Electrical Engineers 
on June 23rd, 1920. 


* 
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as reliable and as standardised in manufacture as the incandescent lamp. The first four 
sections of this paper trace out the course of this transition as exemplified by the development 
of valves of various kinds by the wireless telegraphy department of H.M.S. Vernon, and 
later by H.M. Signal School, Portsmouth. They describe the introduction of valves into 
naval wireless telegraph installations and the early experimental and theoretical work in 
the elucidation of their observed behaviour. In the first place the valves were employed for 
the generation of low power oscillations for heterodyne reception. De Forest’s ultraudion 
arrangement was first employed. The original audions were subsequently replaced by 
R.2, Q or R.4 valves as these were developed. 

One of the first things observed in the study of well exhausted valves was that the anode 
and grid voltages are in a sense interchangeable and that in any formule they may always 
be associated together in an expression of the form (e/m + €^), where e is the anode voltage 
and e' thegrid voltage. A formula was developed by Sir J. J. Thomson for the calculation of 
the valve constant m for the case of a cylindrical anode and a grid of parallel wires inside it :— 


_ wd’ log (d/d") 
log Пт Удо)! 


where d and d’ are the anode and grid diameters respectively, and d, is the diameter of the 
grid wires which are spaced out N per centimetre round the circumference of the grid 
cylinder or as successive turns of a helix. In the French and many other later valves of 
cylindrical form the observed and calculated values of m agree to within about 10 per cent. 

The fifth section of the paper treats with the design and development of power valves. 
For this purpose the following equation was taken as the basis of the design, 


l а ы 
— 9. -5. Y поразена 
I = 2.92 x 10 arii U 


where lj is the length of the filament system measured along the axis of the concentric electrode 
cylinders. The values of the anode-current—grid-voltage slope Ка and of the anode-current 


slope kz are then given by 


3 I 
155% em +e } Қо = kim. 


The design of the valve filaments was carried out by using the curves worked out by G. Stead.* 
As regards the heating of the anode it is stated in the paper that a radiation loss of about 
six watts per square centimetre may be allowed to keep within the limiting temperature for 
nickel. Numerical examples are given in the paper of the method of calculation, and also 
scale diagrams of two of the patterns of valve designed in that way and manufactured at 
the Osram-Robertson Lamp Works. Sections 6, 7 and 8 deal with the investigation and 
improvement of small valves for use in reception including both high-vacuum and gas-filled 
types. Successive stages of approximation in the calculation of characteristics of small 
valves with low operating voltages are illustrated in section 9, which includes a consideration 
of the effect of the temperature gradient near the ends of the filament. The final result of 
the calculation indicates the degree of closeness in which the observed behaviour of a high- 
vacuum valve can be accounted for in terms of known physical phenomena. The concluding 
section deals with the standardisation of valves and with their specification for quantity 
production, and refers to the various electrical tests that were applied to valves in order to 
secure a reasonable degree of uniformity. 

As regards the gas-filled valves a number of experiments are referred to with different 
gases and at different pressures. In the case of the nitrogen-filled valves it was found that 
the gas gradually disappeared during the running of the valves. More satisfactory results 
were obtained with helium. In addition this gas does not cause disintegration of the filament 
as in the case of argon. For a given pressure a helium valve is much harder than a nitrogen 
valve, and for the same characteristics the pressure of helium required is about ten times the 
corresponding pressure of nitrogen. The best results were obtained with these valves by 
exhausting them as if they were to have a permanent high vacuum and then admitting the 
helium gas. By this process valves were obtained which were as constant throughout their 
life as the majority of high-vacuum valves. 


* See Каго Review Abstract No. 635. 


546 THE RADIO REVIEW VoL. 1. 


Review of Radio Literature. | 
1. Articles and Patents. 


580. On Unpampep OSCILLATING SYSTEMS, AND тн PARTICULAR ON Oscir- 
LATIONS SUSTAINED BY SELF-EXCITATION. A. Blondel. (Journal de 
Physique, 9, pp. 117—151, April, 1919, and pp. 153—162, May, 1919. 
Science Abstracts, 23А, p. 289, Abstract No. 742, May, 1920—Abstract.) 

The author considers undamped oscillations under three headings :- (г) Self-sustained 
oscillations ; (2) Oscillations consisting of a large number of partial discharges each generating 

a chain of damped oscillations; and (3) Oscillations produced by inversion of the driving 

force (series-wound dynamo and separately-excited motor). The present article deals only 

with the first class of oscillations and discusses these mathematically by the application of 
the Hurwitz method.* A number of polar diagrams are given illustrating the conditions 
existing ш the case of Duddell and hissing arcs and oscillations sustained by triode valves. 


581. VARIABLY COUPLED VIBRATIONS: GRAaviTY-ELASTIC COMBINATIONS. 
Masszs AND Perion Equa. L.C. Jackson. (Philosophical Magazine, 
39, рр. 294—304, March, 1920.) | 
This paper gives the mathematical theory of a coupled mechanical system which can Бе 
used as an analogy to the electrical case of circuits of equal inductance and frequency. The 
paper is illustrated with a number of curves of the oscillations of the system. 


582. THe Hicn-rREQUENCY REsIsTANCE oF Wires AND Corrs. С. W. О. Howe. ( Fournal 
| of the Institution of Electrical Engineers, 58, pp. 152—170, February, 1920. Electrical 
Review, 86, pp. 25—26, January 2nd, 1920—Abstract. Revue Générale de l Électricité, 
7» PP- 791—794, June 12th, 1920. Telegraphen- und Fernsprech-Technik, 8, pp. 33— 
34, Мау, 1920—Abstract. ) 
See Rapio REVIEW, 1, pp. 225—234, February, 1920, for abstract. Professor Howe's 
full reply to the discussion is included with the original paper in the Journal of the I.E.E. 


583. Hicu-Frequency MAGNETISATION. Н. Fassbender. (Science Abstracts, 23A, р. 54, 
Abstract No. 157, January 30th, 1920—Abstract.) 
See Rapio Review Abstract No. 96, January, 1920. 


584. A Comparison оғ Cors AND AERIALS FOR Reception. М. Abraham. (Electrical 
|. World, 75, p. 687, March го, 1920—Abstract.) 
See Rapio Review Abstract No. 72, December, 1919. 


585, 5011р v. SrRANDED WinE ror Нісы Frequencies. W. Rogowski. (Electrical World, 
75, р. 909, April 17th, 1920—Abstract.) | 
See Клото Review Abstract No. 273, April, 1920. 


586. A Велт METHOD or TESTING THE SLuccisuNEss oF CONTACT 
Петестовз. К. Ettenreich. (Physikalische Zeitschrift, 21, pp. 208 
— 214, April 15th, 1920.) 

The detector tested consisted of a fine nickelin wire in light contact with a crystal of galena. 
A circuit containing the detector was inductively coupled to two oscillating triodes. A 
wavemeter brought near the detector circuit indicated the two frequencies of these triodes 
. and also the frequency of the beats. By working at wavelengths of 30 metres, the frequency 
of the beats was raised to five million cycles per second. "The fact that these beats were 


* See also Rapio Review Abstract Хо. 419, June, 1920. 
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indicated on the wavemeter without any diminution proves that the detector showed no 
sign of sluggishness. If the detector action is due to thermal effects, the heating and cooling 
must occur with this frequency—a highly improbable assumption. 


587. Sranparps or Нісн Frequency. А. Campbell. (Electrician, 84, 
р. 66, January 16th, 1920. Science Abstracts, 23a, рр. 164—165, 


Abstract No. 436, March 31st, 1920—Abstract.) 

A method previously described by A. Dey, by which the oscillations of a pendulum can be 
maintained by an alternating current of very much higher frequency, is referred to, and it 
is suggested that the method might be applicable to the standardisation of radio frequencies. 
For instance a tuning fork of natural frequency, say 5,000, might be maintained by means of 
an alternating current of 50,000 or even 500,000 ^v, 


588. MEASURING THE NATURAL WAVELENGTH oF AN ANTENNA. H. W. 
Houck. (Everyday Engineering Magazine, 8, pp. 318—319, February, 
1920.) ` 
The method described is very similar to an arrangement used in the French Radio Labora- 
tories during the war. To carry out the test a small inductance is joined in series with the 
aerial and oscillations excited by joining a buzzer and cell in parallel with this inductance. 
The wavemeter is loosely coupled to the inductance and the wavelength measured for various 
numbers of turns in the circuit. By plotting the wavelength against the number of turns 
a straight line is obtained and from its intercept on the wavelength ordinate scale the funda- 
mental of the aerial may be obtained. It is mentioned that a suitable coil for such measure- 
ments is wound with twenty-four turns of No. 12 B. & S. gauge* copper wire on a former 
3 in. diameter by 3 in. long. 


589. Нісн VorrAcE, Hicu FREQUENCY APPARATUS AND ITs APPLICATIONS, 
Е. P. Vaughan. (Journal of tbe Engineering Institute of Canada, 
October, 1919. Technical Review, 5, p. 180, November 25th, 1919.) 


Various methods of generating high frequency currents are described, and a wiring diagram 
is also given of apparatus for experimental researches with these currents. 


590. THe TELEPHONE Receiver: Its MecnanicaL Acoustic CHARAC- 
TERISTICS. W. Hahnemann and H. Hecht. (Elektrotechnische Zeit- 
schrift, 41, p. 378, May 13th, 1920—Abstract.) | 

See Rapio Review, І, Abstract No. 405, June, 1920. The theory of the vibrating mem- 
brane is developed by replacing the mechanical quantities by their electrical equivalents. 

They find the efficiency of a receiver between 500 and 1,000 cycles per second to be from o:1 

to I per cent. 


591. Some ÅPPLICATIONS OF TRIODES To HIGH-FREQUENCY MEASUREMENTS. 
С. Leithauser. (Verhandlungen der deutschen Pbysikalischen Gesell- 
schaft, 1, Series 3, pp. 23—28, March 31st, 1920.) 
A communication from the Telegraphen-Versuchsamt describing (1) the use of a triode as 
a dynatron to maintain oscillations in a wavemeter, (2) the use of an oscillating triode to 
determine the natural frequency of a circuit with which it is loosely coupled, (3) the measure- 
ment of signal strength by an amplifier operating a galvanometer througha barretter bridge, 
(4) the measurement of small capacities by beats between two oscillating triodes; the 
unknown capacity being added to the capacity of one of the triode circuits. 


* Approximately the same as No. 14 S.W.G. 


548 THE RADIO REVIEW VoL. т. 


592. Tur SuonrEsT Waves PRODUCED wiTH Vacuum Товеѕ. H. Bark- 
hausen and K. Kurz. (Physikalische Zeitschrift, 21, pp. 1—6, January 
Ist, 1920.) 
See editorial article in RApro REVIEW, І, p. 435, June, 1920. 


$93. THE COMPARISON оғ INDUCTANCES AND CAPACITIES BY AN ELECTROMETER METHOD. 
А. W. Smith. (Science Abstracts, 23А, p. 53, Abstract No. 154, January 30th, 1920— 
Abstract.) 
See Rapio Review Abstract No, 104, January, 1920. 


594. On some EXPERIMENTS IN wHicH Two NeicHBourinc MAINTAINED 
OSCILLATORY CIRCUITS EFFECT A Resonant Circuit. J. H. Vincent. 
(Proceedings of the Physical Society of London, 32, pp. 84—91, 
February 15th, 1920. Science Abstracts, 23А, p. 240, Abstract No. 
612, April, 1920—Abstract.) 


See Клото REVIEW, І, pp. 285—287, March, 1920, for abstract. 


595. SPARK Gap FoR Imputse Excitation. С. Lorenz. (German Patent 
299098, March 22nd, 1917. Patent published, October 7th, 1919. 
gabrbuch Zeitschrift für drahtlose Telegrapbze, 15, p. 245, March, 1920-- 
Abstract.) 

An arrangement of plate electrodes between which the optimum amount of ionisation can 
be maintained. The ionisation may be produced either by heating the electrodes or by 
allowing ultra-violet light, Róntgen or Becquerel rays to impinge on the plates. 


596. Rotary Пізснлвсев. W. D. Owen. (Radiograph, 1, pp. 185—187, 
June, 1920.) 
A brief resumé of the advantages of the rotary spark gap over the fixed spark gap, and of 
the method of adjusting the same to obtain a steady discharge. 


597. А Освхснер Spark Gap. (Wireless Age, 7, р. 12, November, 1919.) 

In the spark gap described the spark takes place between two concentric annular rings of 
metal so that its length remains constant and independent of variations of thickness of the 
insulating washers. 


598. METHODS or SIGNALLING WITH Авс ТкАмѕміттЕВЅ. H: L. ФЕ. Skip- 
worth, H. A. Madge and H. Morris-Airey. (British Patent 142141, 
September 27th, 1916. Patent accepted, May 3151, 1917. Published ` 
May 27th, 1920.) 

For the purposes of signalling with an arc radio transmitter it is proposed to connect two 
independent oscillatory circuits permanently across the arc, one of them being the aerial 
circuit and the other a closed circuit tuned to the same frequency. Signalling is effected 
by connecting a résistance in parallel with a part of the inductance in one or other of the 
circuits so as to control the expenditure of energy in those circuits. For the radiation of 
interrupted C.W. signals it is suggested that a commutator contact may be connected in 
place of the signalling key. A construction for the signalling key is given in which the con- 
tacts are enclosed in a hermetically sealed vessel which may be supplied with compressed or 
ether gas to reduce the sparking of the contacts. The moving contact is controlled from 
outside by means of a solenoidal spring, the frame carrying the moving contact being attached - 
to a flexible diaphragm. 
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599. Tue Poutsen Arc ім Wirevess TELEGRAPHY. (Electrical Review, 86, 
pp. 423—426, April 2nd, 1920. Science Abstracts, 238, p. 278, Abstract 
No. 548, Мау 31st, 1920—Abstract.) 
This article briefly summarises without much technical detail the equipment used in 
various high-power arc wireless stations. It is illustrated with a number of photographs of 
the apparatus. 


600. How to Вопо Arc Generators. H. W. Secor. (Radio Amateur 
News, 1, pp. 352—354, January, 1920.) 


Constructional details are given of a 3 kW. water cooled enclosed arc set. 


бот. Tue Errect or Direct CONNECTION ов PLATE Circuits WITH THE 

ANTENNA. (Wireless Age, 7, pp. 23—24, November, 1919. Science 
Abstracts, 258, p. 170, Abstract No. 342, March, 1920—Abstract.) 

The arrangement described is attributed to W. C. White. It is designed with a view to 

overcoming the disadvantage that when using direct coupling of the valve generator with the 

aerial, the filament batteries are not at earth potential. The recommended circuit diagram 


C, 
is indicated in Fig. r. In this diagram the coils Lz L; 
are very’ closely coupled. Tonic train transmission Е ===. 
may be effected by shunting a buzzer contact across the = 
coil Ls. Fic. 1. 


602. TRANSMITTING AND Recervinc Apparatus. L, de Forest. (French 
Patent 499661, May 25th, 1918. Published February 18th, 1920.) 
This specification describes a system of radio signalling. Fer further particulars, see 
British Patent 131361.* 


* Каро Review Abstract No. 121, January, 1920. 
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603. APPARATUS FOR GENERATING HIGH-FREQUENCY OscILLATions. Е. 
Huth and S. Loewe. (German Patent 316793, November 14th, 1917. 
Patent published, October 7th, 1919. Jahrbuch Zeitschrift für drahtlose 
Telegrapbie, 15, pp. 79—80, January, 1920—Abstract.) 

A valve circuit for the generation of oscillations in which the heating current for the filament 
is derived from the oscillatory current circuit. 


604. А METHOD or usinc Two TRIODE VALVES IN PARALLEL FOR GENERATING OSCILLATIONS: 
W. H. Eccles and Е. W. Jordan. (Revue Générale del’ Électricité, 7, p. 24, January 3rd, 
1920.) 
See Rapio Review, І, рр. 80—83, November, 1919, for Abstract. 


605. HIGH-FREQUENCY Імростов ALTERNATORS. K. Schmidt; M. Osnos. 
(Jahrbuch Zeitschrift für drahtlose Telegraphie, 15, pp. 154—158, 
February, 1920.) 

A discussion on nomenclature and patent priority arising from a paper by Osnos on this 
subject. 


боб. RADIO-FREQUENCY ALTERNATORS. W. Dornig. (Elektrotechnische 
Zeitschrift, 41, p. 420, May 27th, 1920.) 

A criticism of a paper by Latour in the Wireless World of July, 1919.1  Dornig regards 

machines for 30,000 cycles as “ Wunderwerke der Technik," but considers it more practical 

and reliable to use machines for about 6,000 cycles with frequency transformers as at Nauen. 


607. InsuLATION oF ErrcrRicAL Macuines. С. Lorenz. (German Patent 
298890, November 1oth, 1916. Patent published, September 29th, 
1010. Jahrbuch Zeitschrift fiir drahtlose Telegraphie, 15, p. 499, 
June, 1920—Abstract.) 
A circuit for reducing the insulation necessary in electric machines, particularly high- 
frequency machines, in which the winding of the machine is divided and led to the primary 
winding of a transformer, the secondary of which is coupled to the antenna circuit. 


608. STABILISING THE ENERGY Output or TRANSMITTERS. (Wireless Age, 
7, p. 20, November, 1919.) 

The arrangement described, due to G. Reuthe, consists of a medium frequency alternator 
used in conjunction with three frequency multipliers. More stable results are claimed to 
be secured by de-tuning the intermediate circuits between the multipliers to a frequency 
higher than that corresponding to resonance. 


бод. TELEPHONE RECEIVERS FOR WIRELESS ‘TELEGRAPHY AND TELEPHONY. 
(Technical Review, 6, p. 79, January 20th, 1920.) 


It is announced that the Bureau of Standards, Washington, is conducting a comprehensive 
study of telephone receivers for radio work. It is probable that much other useful information 
will also be obtained as regards methods of measuring the strength of wireless signals. 


610. TELEPHONE Repeaters. В. Gherardi and Е. B. Jewett. (Electrician, 84, pp. 517—519, 
543—544, 571—575, 618—620, May 7th, 14th, 21st, and June 4th, 1920—Abstract. 
Science Abstracts, 23B, pp. 172—174, Abstract No. 348, March, 1920—Abstract.) 

See Rapiro Review Abstract No. 228, March, 1920. 


* Jabrbucb der drahtlosen T elegrapbie, 13, p. 270, November, 1918. Abstracted in Wireless 
W orld, 7, pp. 15—18, April, 1919. 
T See also Rapio Review, І, p. 491, July, 1920. 


* 
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611, WIRELESS TELEPHONE TRANsMrTTERs. L. B. Turner and R. H. 
Wagner. (British Patent 137098, December 24th, 1918. Patent 
accepted, January 8th, 1920.) 

The transmitter described comprises a relatively feeble valve oscillator V in which the 
amplitude of oscillation is controlled by the voice, and a valve amplifier Уз serving to amplify 
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the voice controlled oscillations. The oscillations of V2 may be modulated by the oscillation 
valve V, in the manner indicated using the “ choke-control " method, or alternatively the 
microphone or the control valve may vary the grid potential of the oscillating valve. The 
voltage of B; is adjusted so that the grid potential of Va never becomes positive during 
transmission. | 


612. МіскорномЕ Circurr ror Line ок WirELEsS TELEGRAPHY. Allge- 
meine Elektrizitats-Gesellschaft. (German Patent 300171, January 
23rd, 1917. Patent 
published, Septem- 
ber 24th, 1919. 

2 Jahrbuch Zeitschrift 
fiir drabilose Tele- 


graphie, 15, pp. 161 
— 163, February, 
1920—Abstract.) 

A modulation circuit for tele- 
phony in which the microphone 
M forms one arm of a Wheat- 
stone bridge. With such an 
arrangement the ratio of the 
steady current to the telephone 
current through the modulating 
coil is independent of the ratio 
of the steady current to the 
telephonic current through the 
microphone itself. Fig. 3 shows a scheme of connections for wireless telephony. 


Fic. 3. 
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613. Mountinc Two TRANSMITTERS IN PARALLEL. M. В. Sleeper. (Everyday 
Engineering Magazine, 8, p. 319, February, 1920.) 


An illustration is given of a simple mounting for two ordinary pattern microphone trans- 
mitters to enable them to be used in parallel for radiotelephony. Both transmitters are 
spoken to simultaneously. 


614. New WinzLEss TELEPHONE. (Journal of the American Institute of 
Electrical Engineers, 39, p. 176, February, 1920.) 
Note re testsof a radiotelephone outfit over ranges up to 900 miles using $ kW., and working 
through considerable interference. See also Abstract No. 618. 


615. А Marconrt WIRELESS TELEPHONE Савімет. (Electrical Review, 86, 
p. 350, March 12th, 1920. Science Abstracts, 238, p. 280, Abstract 
No. 551, May 3151, 1920— Abstract.) 
A brief illustrated description of a new 1 kW. cabinet set. Daylight telephony range = 100 
nautical miles (or 300 miles for C.W. telegraphy). The constant-current “ choke " control 
method of modulation is indicated in the circuit diagram. 


616. WARTIME ApvANCE IN WIRELESS TELEPHONY. (Маите, 105, p. 145, 
April Ist, 1920.) 
A brief reference to a demonstration at Chelmsford of wireless telephony and direction 
finding on a Handley Page aeroplane. 


617. WinzLESS TELEPHONY. (Electrical Review, 86, р. 145, January 30th, 
1920. Telegraph and Telephone Age, 38, p. 18, January Ist, 1920.) 
Relates to an installation of wireless telephone apparatus by the Public Electric Supply 
Co., N. Illinois. 


618. WinzrLEss TELEPHONY. (Electrical Review, 86, p. 688, May 28th, 1920.) 
Refers to recent wireless telephony tests by the de Forest Radio Company, New York, 
over 1,500 miles using only } kW. at the transmitter. See also Abstract No. 614. 


619. WinzELEss TELEPHONY Tests. (Electrical Review, 86, p. 336, March 
12th, 1920.) . 
Refers to reports of successful radiotelephone tests between Berlin and Sweden (435 miles), 
and Berlin and Moscow (1,060 miles). 


620. MurriPuEx RanrorzLEPHONY. (Scientific American, 122, p. 481, 
May Ist, 1920.) 
Refers to a demonstration of multiplex radiotelephony using different frequencies on a 
single antenna. No technical details are given. 


621, A RaDIOTELEPHONE TRANSMITTER. M. В. Sleeper. (Everyday Engineer- 
ing Magazine, 8, pp. 222—224, January, 1920.) 


An illustrated description of a simple form of valve radiotelephone transmitter. 


622. WIRELESS TELEPHONY ON AEROPLANES. С. E. Prince. (Journal of tbe Institution of 
Electrical Engineers, 58, pp. 377—390, May, 1920; also abstracts in Times Engineering 
Supplement, No. 544, p. 89, February, 1920. Nature, 105, pp. 55—56, March 11th, 
1920. Electrical Review, 86, pp. 441—442, April 2nd, 1920. Electrician, 84, pp. 448— 
449, April 23rd, 1920. Technical Review, 6, p. 341, April 13th, 1920. L Elettrotecnica, 


7, р. 329, June 25th, 1920.) 
See Rapio REVIEW, 1, pp. 281—283 and 341—342, March and April, 1920, for abstract. 
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622. DuPLEx WirELEss TELEPHONY. Р.Р. Eckersley. (Nature, 105, p. 154, April 1st, 1920— 
Abstract. Technical Review, 6, p. 384, April 27th, 1920—Abstract.) 
See Ranio REVIEW, г, pp. 323-240, 383—385, April and May, 1920, for abstract. 


624. Duprex WIRELESS TELEPHONY AND SELECTIVE Reception. Е. Е. W. Alexanderson, 
(Electrical Review, 84, р. 681, May 28th, 1920—-Abstract.) 
See Rapiro Review Abstract No. 75, for the original paper. 


625. Hicu-sPEED WiırELEss Transmission. (R.E. journal, 21, p. бо, 
February, 1920. Electrical Review, 86, p. 240, February 20th, 1920— 
Abstract. Technical Review, 6, p. 263, March 16th, 1920— 
Abstract.) 


Reference is made to some experiments which are said to have been in progress for some 
time at the Signals Experimental Establishment, Woolwich, relative to high speed reception. 
It has been found quite practicable to handle wireless traffic at speeds up to 100 words per 
minute, using punched tape transmission and Wheatstone inker reception. The received 
message could also be used to operate a Creed printer or a land line transmitter, thus per- 
mitting direct coupling of the wireless with the land lines. 


626. APPARATUS FOR MopuLariNG Hicu-FREQUENCY OsciLLaTiIons. Е. Е. 
Huth. (German Patent 307192, December 23rd, 1917. Patent pub- 
lished, October 4th, 1919. Jahrbuch Zeitschrift fiir drahtlose Tele- 
graphie, 15, p. 159, February, 1920—Abstract.) 

A method of modulating the electrical oscillations of a triode generator on aircraft in which 


electrical impulses derived from an alternating current siren attached to the shaft of the 
propeller, are communicated to the grid and filament of the triode. 


627. INTERESTING Key Сокткогз. W. Dornig. (Elektrotechnische Zeit- 
schrift, 41, pp. 367—368, May 13th, 1920.) 

A description of several methods of signalling. In one system the key operates relays 
which cut inductance out of one circuit and put inductance in another circuit thereby tuning 
the working circuit and de-tuning a dummy circuit or vice versá. In another system two 
transformers have their primaries in series but their secondaries in the aerial and dummy 
circuits respectively. By means of relays auxiliary primary windings are so connected in 
one or other of the transformers that the main primary is exactly neutralised. Normally 
the aerial transformer is neutralised but on depressing the key the dummy transformer is 
neutralised and the aerial transformer made operative. The object throughout is to maintain 
a steady load on the generators and thus avoid the change of speed with load. 


628. Rapio RELAY Stations. Western Electric Company, U.S.A. (British 
Patent 142371, July 29th, 1019. Patent accepted, May 6th, 1920.) 

In order to avoid reaction between the transmitting and receiving apparatus at a radio 
station employed for automatically relaying a message from one station to another it is pro- 
posed to arrange the transmission from the station to be on a different wavelength from the 
signals that are received. This change in wavelength may be effected by combining the 
incoming signal with a heterodyne oscillation of a different frequency; thus if the carrier 
wave of the incoming signal is of frequency N; and is modulated with a speech or signal 
frequency of n, the resultant frequency of the incoming signals will vary between Ni + n 
2, — m. It is proposed that this incoming signal shall be combined at the relay station 
with an oscillation of frequency We so that the resultant frequencies will then vary between 
Nı + М + nand №, + Na— n and also between №, — Na+ n and № — № — n. These 
currents may be passed through amplifier circuits tuned to either the higher or lower ranges of 
frequency so that the output from the transmitting side of the relay station takes place 
with a carrier wave frequency of either №; + Naor Ni— N2. Inthe case of a series of such 
relay stations one station may be arranged to raise the frequency of carrier waves and the next: 
one to lower it again. 
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629. А New Tuermionic Vacuum Tuse. J. Scott-Taggart. (Electrical 
Review, 86, pp. 261—262, February 27th, 1920. Science Abstracts, 
23B, p. 223, Abstract No. 436, April, 1920—Abstract.) 

A special form of experimental tube is described in this note. The filament (tungsten) 
is 25 mm. long mounted vertically in the bulb. The plate is то mm. X 10 mm. Х 0-008” 
nickel sheet mounted 9 mm. away from the filament. The control electrode is also in the 
form of a plate (22 mm. Х Іо mm. Х 0008” nickel sheet) mounted parallel to the plate electrode 
but on the opposite side of the filament and 2 mm. away from it. Some characteristic curves 
are given. "These are of the same general type as for a normal triode, but when the potential 
on the control electrode is positive and greater than about two volts the anode current curves 
begin to bend over. Eventually saturation is reached and for greater potentials the current 
falls, as the control plate is more easily able to absorb electrons than the usual wire grid. 
The tube makes a good amplifier and detector, the latter property being especially good at 
the point of maximum anode current—since then both half waves of the oscillation cause a 
decrease of the anode current. 


630. A New Tuermionic Vatve. 5. R. Mullard. (Electrical Review, 86, 
р. 330, March 121, 1920.) 
Correspondence relative to an article by J. Scott-Taggart with the above title, and referring 
to some experimental valves made up by the writer to Dr. J. Erskine-Murray’s design which 
, give similar characteristics. 


631. Vacuum Товеѕ. General Electric Company, U.S.A. (British Patent 
142207, February 7th, 1919. Patent accepted, May 6th, 1920.) 

This patent deals with the construction of triode valves of the flat plate type. The most 
important feature described relates to the winding of the grid around a rectangular frame 
in the interior of which the filament is stretched. The sides of the frame are wound with a 
spiral of fine wire so that the turns of the grid wire may be evenly spaced between turns of 
the side spirals thus maintaining an even spacing for the grid wires. 


632. VALvE Construction. Osram-Robertson Lamp Works, Ltd. (French 
Patent 499871, August 30th, 1918. Published February 25th, 1920.) 
This specification relates to the arrangement of the support for the electrodes in ionic 
tubes, more particularly for wireless telegraphy. A cylindrical electrode is supported at 
each end by a set of longitudinally extending bars attached to elastic fingers, which are sprung 
into a recess at the junction of the bulb with its neck. The elastic fingers are held distended by 
alocking-ring. In the form illustrated in the patent the elastic fingers consist of blade springs 
which are bent back towards the anode and double on themselves to form clips for securing 
the locking-ring, and they may be riveted to sockets fitting carrier bars for the electrode. 
For further particulars of the invention, see British Patent 119088. 


633. VALvE Construction. Osram-Robertson Lamp Works, Ltd. (French 
Patent 499872, August 30th, 1918. Published February 25th, 1920.) 


The invention described in this specification relates to an ionic tube, such as is used in 
wireless telegraphy. A cylindrical anode is supported at each end by longitudinally extending 
pliable fingers which have outward bends which engage a shoulder at the junction of the bulb 
with its neck. The said fingers are pressed outwards against the next by an expanding 
spring ring which may be seated in kinks in the fingers. 

For further particulars, see British Patent 119089. 


634. Tue Тнвовү or Vatve Rectirication. W. S. Barrell. (Wireless 
World, 7, pp. 181—186, 244—246, 337—340, July—October, 1919. 
Telegraphen- und Fernsprecb-Technik, 8, pp. 185—188, February, 
1920—Abstract.) 

The theory of rectification in a two-electrode and in a three-electrode valve is discussed. 
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635. THe бновт Tuncsten FILAMENT AS A Source oF Licut AND ELEC- 
trons. С. Stead. (Journal of the Institution of Electrical Engineers, 
58, pp. 107—117, January, 1920. Science Abstracts, 23A, p. 242, 
Abstract No. 617, April, 1920—Abstract.) 


The experiments described in this paper were carried out in the Cavendish Laboratory 
during the early part of 1918 to provide data for the design of tungsten filaments for thermionic 
valves for use in the Navy. In the introduction Langmuir’s experiments on the variation 
of the physical properties of tungsten with temperature are discussed and it is then pointed. 
out that the factors which determine filament voltage, emission (and candle power), for pure 
tunsgten are: filament length, filament diameter, filament temperature, and the cooling of 
the ends of the filament by the leads. In this paper the following symbols are used : 7, Е, Ry, 
W; 1, а, Ра and 1, for the filament current, voltage, resistance, watts, length, diameter, 
candle power, and emission respectively. Comparing two filaments of different diameters 
working at the same temperature, and including end corrections :— 


The filament currents are in the ratio of the 3/2 powers of the diameters. 

The voltages per centimetre are in the inverse ratio of the square roots of the diameters. 
The resistances per centimetre are in the inverse ratio of the squares of the diameters. 
The watts per centimetre are proportional to the diameters. 

The emissions per centimetre are proportional to the diameters. 


A determination was made of certain characteristics of the tungsten filament as functions. 
of the diameter. Some of these are shown in Fig. 4. — In this figure the symbols used have 
the meanings already given or those stated under the figure. 

The distribution of temperature along the tungsten filament in the neighbourhood of one 
of the leads was determined by means of an optical pyrometer which was mounted on a 
cathetometer in front of a bulb containing a long “ hairpin ” filament. This was done for a 
series of maximum temperatures, and by combining the results with those previously obtained. 
for a uniform filament a series of end correction curves was obtained for voltage, electron 
emission, etc. These are given in Fig. 5. The procedure for designing a filament to produce 
a given electron emission when the overall voltage is given, and the filament diameter is рго-- 
visionally chosen, is then worked out. Several examples are given in the paper illustrating 
the method of procedure. The method is an accurate one, but is rather laborious as it involves 
a certain amount of trial and error and interpolation between calculated results. 

The case is also considered for a very short filament when the end correction overlaps. 
the “ central ” part of the filament so that the maximum temperature at the middle does not 
reach its normal value that it would have if the filament were longer, and it is shown that 
this design can also be proceeded with in the manner previously outlined. 

The paper concludes with an approximate method for the more rapid design of filaments. The- 
results obtained are generally accurate within a few per cent. for filament temperatures between 
2,000? K. and 2,500? K. and for filament diameters between 0-0085 cm. and 0:012 cm. 
The object of the method is, first, to find the overall voltage which would be necessary if the 
whole filament were as hot as the middle part ; the filament length can thus be found at 
once from the E,4/ d;/I, curve (Fig. 4). Next the length is found of a filament which gives. 
the same emission as the actual filament and whose temperature is everywhere the same as. 
that of the central portion of the actual filament, The emission can then be found from 
the ду curve in Fig. 4. 

The procedure may be summarised as follows :— 


FILAMENT LENGTH. 


(a) Subtract 300 from the absolute temperature of the central portion of the filament, 
multiply the result by 4, and divide by 10,000. 

(b) Subtract filament diameter in cms. from 0-0088 cm. and multiply the result by 100. 

(c) Subtract (b) from (а) and add the result to the required overall voltage. 

(d) Find Ер from Fig. 4 and divide it into the result of (c). This gives the required. 


filament length. 


ІЗ 
"Vor. 
SW 

VIE 

RADIO RE 

E 

TH 

| 6 

55 


в 
™ 3 
N ша 2 
x 
E өз 
aj 
1 TERE “54 
"OAS 
зи eee ір 
о ш 11-І оер R 
о E BM А --- о ps S 
ES SERIE «4&8 à 
T TN ы [| | | E 574 и 
+ a nein B3 3 : 
А S B В Е ou 3 wn 
Е 2 HEBR -Н-- нин NUNC % 3. 
А се реа Да 8 
a E En a i S 
“оо ЕЕ ---- i] EN ze EN = 00 à 
Өз BH BE Ш E ae E ЕЕ $54 3 
Е EH ES Ba ae EN ш $45 
“ГГ T nuna ЗА E паши “ез, У 
++ HH- Es H ESEN N 55 
HERES LER EBEN | | ae SRE 
-HH HHH ЕГЕТЕ EE - B RS 
iR { | BE EE E E ШЕ Em a BN НЕБЕ 
Зам БЕ -H-H BES EN Ht тен 
517] T BH WH вара ва EL ка ш 99% 
CHEER 44 E ERN ERENER 559 
H- -A ES те За 
<< E EB E LA ам | ШЕ a Dab 
"Е. Верн NT 
ian | N 
во 0 52 
«ив ЕГІН NOM LAN с 
© H Fn -FH Bh Ba Bh | | = ES 
BR еси EN 3 aN HHH = НЕ 
HIE пика HHH ERANA 1 Š 
TEER E “-- -Н-- Шы ники ГГ 
1 EB 1—14 вчин 3124 E] В СА 
EL. и ме —H-- ЕЕ AA ЖЕ i EN -H S 
^. zamm AH H EN CoN ENAA PAES 5 
z H Еш ае N DENKER EE 2 
= m ü in EN А ща EN ва a е = o 
mu MEM ШЕ E RH PH Ze ЕШ of 
шына к иж H ша —— H за 8 БИ HN ud нн 
линии ЕЕ Hunt = + $ 
SEE Eis AEC A MBHBHEE = H ER 
EHHE -H E HH ЕШ -- $3 
[| L| | 4 LI | m ЕШ о © 2 ou 
zu HH HERE ir 
irem я 
ЗА iu --H- Bz 6 9 > 
S++ HH -Н-- x е 9 x 
СШ He д IT зал 
EHE IA EST 
Без 
x она x . aces 
i 2 - ERE 5 
о = | | YE % 
ча LI - ча e %4 в 
IIR Е Na қ + 
> ъв 
«e SHE ЕВЕ X SERE 
SLENDI BB НАД 11%, 9 
ШЕН N ыз Br e 
E EVON 
А нав BS m a 
"c 
о EI mH Te 9 Y 
Ф 2 Ic e 
Š SERERE nu 12 RH 
в ва NI ] o, "8 
+ ‘can pud FE 
9, 
2H E rH BE начи SE 
5 H LAR EERE - ES НАЗЕ 
E AL RE ----- --- E: 4 
а SHEN Hts - Es sa Ж 
“ы eae ЕЕ HHH +- 5 
E - кт ш E ---- mu o yt 
2 -H3 H- Е (m BERS 
паша нъ жи EH StH eus 
B E: E d ee Ж Hie 
HHP ER Sag PRI 
ха. N 
5 а ae TN 
A ELI joc 
IG E ELI 3 
г м. m са eia BER шы + 
HL Ва ваза ES DER 
Hee Baan ma EP ARN к 
= AT С ne E a 
а ча TH 
НІНЕН: | а CE il 
uw Ht = BASNE ІШ [| 
| © 
mE E БІНЕН 
* ШИ SERE EH ER FT TT | и AH E © 
» [| E "ERR BE [ Hb ШІН 
ШЕНІ Eis HH nu 
ЕЕ s 
J- T -H-H ЖЕ ЕРГЕ 
m [| E [1 E EN [| өз 
BENE EN E HN a a È 
Eaa -Н-- REER BE 
стар 5 
НІШ 
ЕЕЕ a 
--Н-- ° 
иа 2 
o 
55 


AUG., 1920. ABSTRACTS OF ARTICLES AND PATENTS 557 


EMISSION. 


(е) Multiply the length of the end А, (obtained from the A,’ curve of Fig. 5) by 1:20 and 
subtract the result from the length of the filament found in (4). Call the result //. 
(f) Find the emission 4 corresponding to l^ by means of the 4' curve in Fig. 4. 
The following example is chosen from amongst those given in the paper to illustrate the 
above approximate method :— . 
Design of a 4-volt filament of diameter 0:0058 cm., temperature of central portion 
2,390? K. 
(а) (2,390 — 300) x 4 x 107* = 0-8160. 
(b) (0-0088 — 0-0058) 100 — 0-30. 
(c) (0.8160 — 0-30) + 4 volts = 4:516. 
(d) From Fig. 4, B,/ly = 2:073 usingthe E, 4,1, curve, 
then 4-516/2:073 — 2-18 cm. — filament length. 
(е) An’ = 15-5, .".А, = 092; 0:92 x 120-- 110; 2:18 — 1:10 = 1.08 = Г. 
“. Ul; = 10-3; 2.4- 103 х 1:08 = 11:1 milliamps. 


636. THE DxsiGN оғ TriopE GENERATOR Cincuirs. М. Vos and R. Ziegler. (Science 
Abstracts, 238, рр. 162—163, Abstract No. 327, March, 1920—Abstract.) 
See Като Review Abstract No. 292, April, 1920. 


637. Tue DESIGN or MULTIPLE STAGE AMPLIFIERS USING THREE ELECTRODE THERMIONIC 
VaLvES. С. Г. Fortescue. (Fournal of the Institution of Electrical Engineers, 58, 
рр. 65—82, January, 1920. Radio Amateur News, 1, pp. 344—345, January, 1920— 
Abstract. Science Abstracts, 23B, pp. 221—222, Abstract No. 433, April, 1920-- 
Abstract.) 
Paper read at a wireless sectional meeting of the Institution of Electrical Engineers, see 
Ravio RxviEW, І, pp. 178—181, January, 1920, for abstract.* 
Some further discussion (communicated) from Professor E. W. Marchant, as well as Professor 
Fortescue’s reply are also included in the original. 


638. Ам INVESTIGATION oF THE Errects or ELECTRON COLLISIONS WITH PLATINUM AND 
with HvpRocEN. Е. Horton and А. C. Davies. (Proceedings of the Royal Society, 
974, рр. 23—43, March, 1920. Nature, 104, p. 618, February 5th, 1920—Abstract.) 


639. Triope Vatves As Егествіс AMPLIFIERS. W. H. Eccles. (Nature, 
104, pp. 501—502, January, 1920. Science Abstracts, 238, p. 221, 
Abstract No. 432, April, 1920—A bstract.) 

This article briefly describes the nature and properties of triode valves and indicates the 
magnitudes of the current, voltage, and energy amplifications that are obtainable with such 
valves. The article is particularly devoted to indicating the manner in which such valves 
may be employed for magnifying very low frequencies or steady potential differences. The 
resistance coupled amplifier arrangement devised in the French military radiotelegraphic 
laboratory is described and the simplified connection of this using common filament and high 
tension batteries is also given. It is shown that when the anode circuit resistances are about 
$0,000 ohms and taking average values for the valve constants, that the potential magnifi- 
cation of the single valve may be about 7:5, and with two valves about 56. A connection 
scheme due to the author is also given in the article in which each valve forms one arm of a 
balanced Wheatstone bridge. With this circuit arrangement the magnification obtainable 
is of the same order as with the French arrangement when the balancing bridge arm resistances 
are taken at the same values as the anode resistances in the previous arrangement. t 


* See also Rapio Review Abstract No. 355, May, 1920. o. 
T See also Ravio Review Abstract No. 237, March, 1920, where very similar arrangements 
are described by A. Blondel. 
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640. ELECTRON DISCHARGE TUBES AND THEIR ÁPPLICATIONS. Р. Letheule. 

| (Le Génie Civil, 76, рр. 199 et seq. All issues between February 2151, 
1920, and March 2oth, 1920; also May Ist to June 5th, 1920. Technical 
Review, 6, p. 342, April 13th, 1920—Abstract.) 

A very detailed description of vacuum tube apparatus and phenomena, with many references 
to early work on the subject. The following are the main headings: Elster and Geitel, 
Edison Effect, Fleming Valve, Richardson, Langmuir, Coolidge, Kenotron, Tungar, Audion, 
Oscillating Audion, Production of Very High and Very Low Frequencies, Heterodyne and 
Endodyne Reception, Amplification, Lieben and Reisz, Pliotron, Dynatron, Pliodynatron. 


бат. APPLICATIONS oF ÀÁMPLIFYING Vatves. L. Bloch. (Revue Scientifique, 
58, pp. 12—19, January loth, 1920. Nature, 104, pp. 647—648, 
February 12th, 1920—Abstract.) 
A general article dealing with the industrial applications of amplifying valves. Reference 
is made to their use for telephonic relays, rectifiers, wireless amplifiers and receivers, earth 
telegraphy, and oscillation generators. 


642. Tue Vacuum Товк. P. H. Boucheron. (Scientific American, 122, 
pp. 64—65, January 17th, 1920.) 
A general article describing three-electrode valves and various circuits for use with them. 
643. Practicar OpEraTion or THERMIONIC Detectors. H. J. van der 
Bijl. (Popular Science Monthly, 96, pp. 130—140, February, 1920.) 
A general article summarising the various modes of operation of triode detectors when 
receiving damped and continuous waves. 


644. STRUCTURE AND OPERATION OF THE Vacuum VALvE. К. W. A. Brewer. 
(Journal of Electricity, 44, pp. 102—105, February 1st, 1920. Electrical 
World, 75, p. 744, March 27th, 1920—Abstract.) 

The writer brings out some of the features upon which depend the uniformity of vacuum 
valves based upon extensive experiences in testing. 


645. THERMIONIC Vacuum TUBE as DETECTOR, AMPLIFIER AND GENERATOR 
oF ELEcTRICAL Oscittations. W. H. Eccles. (Electrician, 84, 
рр. 522—524, May 7th, 1920. Engineering, 109, pp. 724—725, 
May 28th, 1920.) 

Abstracts of two lectures delivered at the Royal Institution. A general summary was 
given of the properties of two and three-electrode valves, which were illustrated by a number 
of experiments. The use of the tubes in cascade amplifiers and for heterodyne work was also 
discussed, as well as a number of novel applications of such valves, including the indication 
of very minute changes in the specific inductive capacity of a dielectric. 


646. Wuo INVENTED THE Vacuum Tuse? Т. A. Edison; Р. Н. 


Boucheron. (Scientific American, 122, p. 185, February 2151, 1920.) 

Correspondence relative to the first publication of the discovery of the Edison effect (a 

paper by E. J. Houston before the American Institute of Electrical Engineers, October, 
1884, is quoted), and of Dr. Fleming's share in its application to radio work. 


647. Ох THE ТнвеЕ-Егесткоре Vatve. P. Trichard. (Revue Générale 


de l Électricité, 7, p. 178, February 7th, 1920.) 
Correspondence relative to the paper by Dr. W. H. Eccles and F. W. Jordan on the use of 
two triode valves in parallel for generating oscillations.* The writer claims that the arrange- 


+ Rapio Review, 1, рр. 80—83, November, 1919. 
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ment described is a particular case of the more general arrangement described in his French 
` Patents of September 6th, 1918 (Frequency multiplier), and September 13th, 1918 (Generator 
of high frequency current), and also in his British and U.S. applications of August, 1919. 


648. “Tue THERMIONIC VALVE AND 118 DEVELOPMENT ІЧ RADIOTELE- 
GRAPHY AND TELEPHONY.” L. de Forest. (Electrician, 84, p. 226, 
February 27th, 1920.) 

Further correspondence relative to the book with the above title. See also Като Review, 

I, pp. 259—261, February, 1920. 


649. “THE THERMIONIC VALVE AND ITS DEVELOPMENTS IN RADIOTELEGRAPHY 
AND TreLepHony.” М. Latour; J. A. Fleming. (Electrician, 84, 
pp. 41—42, January oth, 1920.) 
Correspondence relative to the book by J. A. Fleming with the above title* ; see Rapro 
REVIEW, 1, pp. 259—261, February, 1920; also M. Latour (Каро Review, І, pp. 367—368, 
April, 1920), and Rapro Review Abstracts Nos. 648, 650. 


650. *"TuEeTHERMIONICVALvE AND ITS DEVELOPMENTS IN RADIOTELEGRAPHY 
AND TELEPHONY.” J.Scott-Taggart. (Electrician, 84, p. 66, January, 
1920.) 
Further correspondence relative to Dr. Fleming's book with the above title. See also 
Rapiro Review, І, pp. 259—261, February, 1920, and pp. 367—368, April, 1920 ; also Варо 
Review Abstracts Nos. 648 and 649. 


651. THERMionic Varves on ArrcrAFT. R. Whiddington. (Nature, 104, 
p. 630, February 12th, 1920.) 


Correspondence relative to the variation of wavelength of oscillations set up by triodes by 
variations of the filament current and plate voltage. Reference is also made to a recent paper 
by Drs. W. H. Eccles and J. H. Vincent (see Карло Review Abstracts Nos. 503, July, 1920, 
and 655, August, 1920). 


652. Navy Vacuum Tusr Correction. (Popular Science Monthly, 96, 
p- 144, February, 1920.) 
Photographs and particulars are given of thirty-eight different patterns of triode vacuum 
tubes. 


653. WHAT THE DE FOREST AUDION HAS DONE AND WHAT IT MAY YET DO. 


С. Н. Claudy. (Scientific American, 122, p. 540, May 15th, 1920.) 


A brief resumé of Dr. de Forest's work in the development of the audion. 


654. TECHNICAL DEVELOPMENT OF THERMIONIC TRANSMITTERS. L. Kühn. (Elektrotecb- 
nische Zeitschrift, 41, p. 141, February 12th, 1920——Abstract.) 
See Варто Review Abstract No. 295, April, 1920. 


55. FuRTHER EXPERIMENTS ON THE VARIATION OF WAVELENGTH OF THE 
OSCILLATIONS GENERATED BY AN Ionic VALVE DUE TO CHANGES IN 
FILAMENT CurRENT. J.H. Vincent. (Proceedings of the Royal Society, 
97, рр. 191—196, April 15th, 1920. Nature, 105, p. 121, March 25th, 
1920—Abstract. Chemical News, 120, p. April Ist, 1920— 
Abstract.) 


It has previously been found that the wavelength of the valve oscillations is a function 
of the filament current.t This paper studies the effect more in detail. Special rheostats 


Ж See review in Каро REvIEW, І, рр. 156—159, December, 1919. 
T See Rapiro Review Abstract No. 503, July, 1920; also pp. 481—489, July, 1920. 
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were designed to avoid change of inductance of the filament circuit when varying the filament 
current. It is suggested that changes in several of the variables of a valve-maintained 
circuit produce effects of the same sign in the wavelength and amplitude of the oscillations ; 
the wavelength and amplitude decrease with decrease of grid voltage or of plate voltage ; 
they also decrease when the coupling of the grid coil with the main oscillating coil decreases ; 
increasing the resistance in either the condenser or the inductance branch of the main oscil- 
lating circuit lessens the amplitude and wavelength, while altering the filament current in 
either direction from that giving the maximum wavelength gives also a decreased amplitude. 


656. ABSORPTION or GASES IN THE Errcrmic Diıscuarce Tuse. F. Н. 
Newman. (Proceedings of the Physical Society of London, 32, pp. 190 
—195, April 15th, 1920. Chemical News, 120, p. 166, April 1st, 1920— 
Abstract.) | 

The paper describes a method of showing that absorption of nitrogen takes place іп the 
discharge tube when sodium and potassium are used as the electrodes. The amount of gas 
absorbed increases with the temperature. 

In the discussion Professor Fortescue commented upon the possibility of some of the 


electrode films having absorbed gases when exposed to the atmosphere, and on the different 
effects of positive and negative ions. 


657. Півснаксв ім Нісн Vacuum. J. E. Lilienfeld. (Annalen der Physik, 
61, pp. 221—263, February, 1920.) 

By using long cylindrical tubes with various distances between the electrodes the author 
finds a linear fall of potential along the discharge in confirmation of his previous results with 
exploring electrodes. The author sees in his results a proof of the absence of space charge 
and of the insufficiency of the 1-5 power law criterion of the quality of the vacuum. 


658. MEASUREMENTS ON Vacuum Товеѕ. Н. С. Moller. (Archiv. für 
Elektrotechnik, 8, pp. 46—58, July 15th, 1919. Electrical World, 
75, р. 687, March 2oth, 1920—Abstract.) 

A number of laboratory methods are outlined in this paper. To overcome difficulties 
arising from current inequalities at the ends of the filament when comparing different triodes 
the author suggests that the plate current be adjusted to a prescribed value rather than the 
filament current. An emission of 4 mA. per watt of heating power is recommended. 


659. MEASUREMENT OF THE CHIEF PARAMETERS OF TRIoDE Vatves. W. Н. 
Eccles. (Proceedings of the Physical Society of London, 32, pp. 92—104. 
February 15th, 1920.) 

See Каро REVIEW, І, pp. 283—285, March, 1920, for abstract. The original also contains 


additional discussion by Professor A. O. Rankine relative to the use of triodes for amplifying 
thermo-electric e.m.f.’s. 


660. А COMPARATIVE METHOD or TESTING THERMIONIC VALVES FOR PASSING 
ко REVERSE CuRRENT AT Нісн VorrAcEs. М. W. McLachlan. 
(Proceedings of the Physical Society of London, 32, pp. 72—77, 
February 15th, 1920.) 


See Rapio REVIEW, І, pp. 239—240, February, 1920, for abstract. 


661. A METHOD or MEAsuRING THE AMPLIFICATION OF A RADIO FREQUENCY 
AMPLIFIER. Е. W. Jordan. (Proceedings of the Physical Society of 
London, 32, pp. 105—115, February 15th, 1920.) 

See Rapio REVIEW, 1, pp. 288—289, March, 1920, for abstract. 
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662. On THE MEASUREMENT OF AMPLIFICATION GIVEN BY TRIODE AMPLI- 
FIERS AT AUDIBLE AND AT Rapiro Frequencizs. Е. E. Smith and 
H. C. Napier. (Proceedings of the Physical Society of London, 32, 
pp. 106—132, February 15th, 1920.) 
See Rapio REvIEw, І, pp. 287—288, March, 1920, for abstract. The original also contains 
additional discussion by Mr. P. R. Coursey. 


663. STANDARD Vacuum Tuse Notations ік German Literature. (Elec- 
trical World, 75, p. 687, March го, 1920—Abstract. Telegraphen- und 
Fernsprech-Technik, 8, p. §8, July, 1919.) 


See Каро REVIEW, І, p. 437, June, 1920, for full particulars of the proposed symbols. 


664. Етвсткотутис Rectirication. G. Schulze. (Zeitschrift für Instrumen- 
tenkunde, 40, p. 98, May, 1920.) 

A brief abstract from the annual report of the Reichsanstalt (March, 1920), stating that the 
investigation had been resumed especially with regard to aluminium rectifiers using very 
pure aluminium. The points under investigation are :—Rate of formation, sparking voltage, 
maximum voltage, thickness of oxide film and of gas film, the remanent current and the 
minimum voltage in the conduction direction. 


665. THe Wave FORM OBTAINED FROM AN ALUMINIUM RectTiFiER. N. Н. Williams and 
J. M. Cork. (Science Abstracts, 23B, p. 27, Abstract No. 55, January зов, 1920. 
Electrical Review, 86, p. 682, May 28th, 1920—Abstract.) 

See Ranio Review Abstract No. 358, Мау, 1922. 


666. THE GENERATION or Нисн Tension Плвест Currents. М. Schenkel. (Science 
Abstracts, 238, рр. 28—29, Abstract No. 56, January 30th, 1920— Abstract.) 
See Rapio Review Abstract No. 117, January, 1920. 


667. DIRECTIONAL WIRELESS SIGNAL- 
LING. F. A. Kolster. (British 
Patent 137069, December 24th, 
1919. Convention date, March 
31st, 1916. Patent not yet 
accepted but open to inspection. 
Wireless Age, 7, pp. 24—25, 
November, 1919 — Abstract. 
Science Abstracts, 238, p. 165, 
Abstract No. 333, March, 1920 
—Abstract. 

The subject-matter of this patent deals 
with direction finding with two or more 
frame aerials. The use of two coils crossing 
one another at any angle is claimed, the 


coils being connected in series and tuned by 
one or more variable condensers in the usual 


" . . um =p 
manner. Directions are determined by “Sem - 
observation of the position of minimum  ! 
signals. А special modification indicated „i. MN 
in Fig. 6 is also described. The two receiving “= “ | | =. 
coils A and B enclose the metal gauze capacity 11 5 T ә 


areas indicated. The gauze is connected to 
one terminal of the coil and a double thermionic 
valve detector is used in the manner shown. Fic. 6. 
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For the determination of distance as «well as direction an arrangement is described of two 
pairs of crossed coil receivers placed at the ends of a base line of known length. The 
coils may be rotated by distant controls from a central observation station. 


668. WIRELESS TELEGRAPHY AND AERIAL NavicATION. Franck. (P Aéro- 
"nautique 1, pp. 291—295, December, 1919. Technical Review, 6, 

р. 177, February 17th, 1920—Abstract.) 
The а makes а plea for the organisation of radiogoniometric stations, and after 
explaining the principles of wireless direction finding, points out the advantages of the 


installation of such stations at definite points. The system of stations could be used for 
aerial navigation during fog. 


669. Direction Finpinc. J. Robinson. (French Patent 500003, May 24th, 
1919. Published F ebruary 28th, 1920.) 
Apparatus for finding the direction of Hertzian waves described in this specification, is of 
the kind in which two vertical coils are arranged at an angle to each other and are rotatable 
about a vertical axis. For further particulars, see British Patent 134560.* 


670. WiRELEss Direction Finner. J. Robinson. (British Patent 134560, 


May 27th, 1918. Patent accepted, May 9th, 1919. Patent published, 
December 11th, 1919.) 
The method of direction. finding set out in this specification is that customarily known as 
the “ R.A.F. Crossed-coil method " which has been fully described by the same author. 


671. A Метнор or Direcrion Finpinc or WIRELESS WAVES AND ITS APPLICATION ТО 
AERIAL AND Marine Navication. J. Robinson. (Science Abstracts, 23m, p. 220, 
Abstract No. 429, April, 1920—Abstract. Technical Review, 6, p. 302, March 30th, 
1920---АВзігасі.) 


See Rapro REVIEW, І, pp. 213—219, February, 1920, and pp. 265—275, March, 1920, for 
original paper. 


672. ON THE History or DIRECTION FINDING at TUE Пбвекіт2 Ax D [Ава 
Arropromes. R. Baldus, E. Buchwald and R. Hase. (Fahrbuch 
Zeitschrift für drahtlose Telegraphie, 15, pp. 99—101, February, 1920.) 


See Abstract No. 673 which also deals with this article. 


673. DIRECTIONAL WIRELESS ON AEROPLANES. E. Buchwald and R. Has 
(Fabrbuch Zeitschrift fiir drahtlose Telegraphie, 15, pp. тої and 1 и 
February, 1920. Technical Review, 6, p. 384, April 23rd, 1920— 
Abstract. See also Варто Review Abstract No. 672.) 

A report of experiments carried out for the military authorities at Dóberitz and Larz. 
The aeroplane carried a trailing receiving aerial coupled to an antenna circuit containing a 
barretter inserted in one arm of a Wheatstone bridge. The aerial current was determined 
from the deflection of the galvanometer. Long dashes were sent from a fixed station with 
a wavelength of 250 metres. The exact position and direction of the aeroplane at the moment 
of reading was determined by taking a photograph of the ground immediately below by 
means of a camera fitted into the floor of the aeroplane. Curves are given showing the 
variation of received current as the aeroplane approached, passed over and receded from the 
transmitting station, and also showing the effect for a given distance of the rotation of the 
plane about a vertical axis. 


* Каро Review Abstract No. 670. 
T Карто Review, І, pp. 213—219, February, 1920, and pp. 265—275, March, 1920. 
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674. EXPERIMENTS WITH SCHELLER’s Rapio Course SETTER on AERO- 
PLANES. Е. Buchwald. (fabrbuch Zeitschrift für drahtlose Tele- 
graphie, 15, pp. 114—122, February, 1920. Technical Review, 6, 
рр. 384—385, April 27th, 1920—Abstract.) 

German Patent No. 201496 of 1907 described two horizontal sending aerials enclosing an 
angle, connected alternately to the sending apparatus, which is sending a long dash. If one 
aerial sends out the letter A the other will send the inverse, viz., N. А receiving station 
which bisects the angle between the two sending aerials will hear a long dash, others will hear 
either A or N or both with different intensities. The present article describes experiments 
with aeroplane reception and compares the results with calculations made by Burstyn. 
The results are very complicated in view of the vertical angle subtended by the aeroplane 
at the sending station and by the varying direction of the receiving antenna which hung 
freely from the aeroplane. 


675. THe ErrzcrRoMacNETIC PrANE-WAVE IN Two Mepa. К. Uler. 
(Jahrbuch Zeitschrift für drahtlose Telegraphie, 15, pp. 123—152, 
February, 1920. Technical Review, 6, p. 885, April 27th, 1920— 
Abstract.) 


. А highly mathematical investigation of the transmission of a plane wave along the boundary 
between two media. Тһе author considers the terms “ surface wave " and ‘‘ space wave’ 
introduced by Sommerfeld to be unfortunate and misleading. The author appears to favour 
reflection rather than refraction, but is not clear on this point. 


676. On THE ABSORPTION OF CORPUSCULAR RAYS PENETRATING THE TERRES- 
TRIAL ATMOSPHERE AND FOLLOWING Nown-REeEcTILINEAR Partas. 
C. Stórmer. (Comptes Rendus, 170, pp. 742—744, March 22nd, 1920.) 
A mathematical treatment of the paths followed by ionised particles entering the earth's 
atmosphere under the influence of the earth's magnetic field, as affecting the ionisation 
produced in the upper atmosphere by these particles. 


677. An [ON-PRODUCING EFFECT IN THE UPPER ATMOSPHERE. W. Hammer. 
(Physikalische Zeitschrift, 21, pp. 218—219, April 15th, 1920.) 


The interplanetary space may contain a large number of molecules and the collisions between 
these and the earth’s atmosphere due to the earth’s orbital velocity may produce ionisation. 


678. WIRELESS TELEGRAPITY AND TELEPHONY. W. H. Eccles. (Electrician, 
84, p. 296, March 12th, 1920.) 


Correspondence relative to the theoretical derivation of the Austin-Cohen transmission 
formula. The author points out that if as the distance between the stations increases the 
wavelength be varied so as always to produce the required signal intensity with the least 
possible value of the product Ih, then Ih must be proportional to the cube of the distance 
(1 being the sending aerial current and h the sending aerial height); and also that the power 
required for signalling varies approximately as the sixth power of the range. 

See also Rapiro Review Abstract No. 679. 


679. WIRELESS TELEGRAPHY AND ТЕгЕРНОХҮ. К. С. Colwell. (Electrician, 
84, p. 526, May 7th, 1920.) 


Further discussion * relative to the derivation of the transmission formula. 


680. THE Rance or Wiretess Stations. R. C. Trench. (Jahrbuch der 
Drabtlosen Telegrapbie, 14, pp. 494—526, October, 1919. Article 
abstracted from Electrician, 79, pp. 102, 147 and 181, 1917.) 


— CA DAMM a d атаката sicca] 


* See Rapio Review Abstract No. 678. 
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681. THe Conpitions ror Lone Rance ІЧ WigEgLEsss. Professor Demanet. 
(Union des Ingénieurs de Louvain, 46, pp. 128—136, 1919.) 

This paper presented before the Society in 1914 and only just published owing to wartime 
difficulties, summarises the chief factors influencing the range of wireless stations. The 
first part summarises the influence of the capacity, insulation, wavelength, etc., of the aerial, 
while the second briefly reviews the different means for the production of damped and 
undamped waves. The treatment given is based upon the following formula for the energy 
picked up by the receiving aerial at a distance D from the transmitter :— 


942 /,2\2 1 = 
У, = Р, (2) (z) pi c ?4Dl Y^ 
where W, = power of the transmitter, A = the wavelength and A = absorption coefficient. 


682. WIRELESS IN SUBMARINES. (La Nature, 48, pp. 17—19, January roth, 
1920.) | 
A brief account of the use of loop aerials under water for reception on submerged sub- 
marines. Experiments with the arrangement described were commenced in 1917 by Lieut. de 
Broglie in French submarines. Two loop aerials are used mounted outside the submarine 
and fixed at an angle of 40? to one another, so that by connecting them in series or parallel 
or using them singly reception can be secured from any direction. A seven-valve amplifier 
was used. The American arrangement using a large single turn loop of which the submarine 
shell forms one side is also mentioned. 


683. ImpRovEMENT IN Уліме Movuntincs. Gesellschaft für drahtlose 
Telegraphie. (German Patent 299776, May 3rd, 1917. Patent 
published September 29th, 1919. Jahrbuch Zeitschrift für drahtlose 
Telegraphie, 15, p. 257, March, 1920—Abstract.) 

A scheme of preventing valve noises in which the movement of the filament is damped 
mechanically by springs. 


684. New Derecror AND AmpuiFieR Units. (Everyday Engineering 
Magazine, 8, p. 235, January, 1920. Radio Amateur News, 1, p. 335, 
January, 1920.) 

An illustrated description of a panel type valve detector and amplifier manufactured by 
the International Radio Co. 


685. A SYSTEM FOR THE RECEPTION oF Continuous Waves. J. Scott-Taggart. (Telegraph 
and Telephone Age, 39, pp. 62—64, February 151, 1920. Science Abstracts, 238, 

p. 168, Abstract No. 339, March, 1920—Abstract.) 
Paper read before the Wireless Society of London. See Каро RzviEw, І, pp. 181—183, 


also RAp10 Review Abstract No. 434, June, 1920. 


686. Нвтвкорүме Reception. A. Meissner and E. Scheifller. (Zeitschrift 


für Fernmeldetechnik, Nos. 2 and 5, 1920.) 

An experimental study of heterodyne reception of both damped and undamped waves 
using both crystal and audion detectors. The audibility was determined with different 
values of local current for the same signal current, and also for different signal currents 
using always the optimum local current. The description is somewhat unsatisfactory owing 
to the absence of detailed explanation. The parallel-ohm method was employed, but what 
precautions were taken to avoid erroneous results are not stated. Up to a certain point 
the audibility was found to be roughly proportional to both the received and local currents, 
but the latter reached an optimum value beyond which the audibility was practically inde- 
pendent of the local current. It is stated that good tone and amplification due to heterodyne 
action can be obtained with quenched spark signals if proper adjustments are made. 
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687. WAvEMETER wiTH Capacity Bripcr. Е. Kock. (Physikalische Zett- 
schrift, 21, pp. 214—216, April 15th, 1920.) 

A description of a compact instrument for army field work, consisting of a wavemeter 
with buzzer carborundum detector and telephone, together with a set of ratio arm resistances, 
so that capacities of aerials, etc., can be measured by the bridge method. Range 60— 8,000 
metres and capacities of 50— 200,000 cms. 


688. THe OscıLLATORY Vatve Retay: A Tuermionic Triccer Device. 
L. B. Turner. (Journal of the Institution of Electrical Engineers, 57, 
Supplement, pp. 50—65, April, 1920. Technical Review, 6, p. 548, 
June 2219, 1920—Abstract.) 

Paper read at a Wireless Sectional Meeting of the Institution of Electrical Engineers, 
June 30th, 1919. The principle of the relay is dealt with in Rapio Review Abstract No. 196, 
February, 1920.* Various modifications for special purposes are described in the original 
paper, which also includes a report of the discussion. 


689. DIFFERENTIAL VALVE Rerays. L. B. Turner. (British Patent 142333, 
June 4th, 1919. Patent accepted, May 6th, 1920. Engineer, 129, 
p. 613, June 11th, 1920.) 

The essential features of the arrangement described are indicated in Fig. 7. Two triode 
valves Vi Ма are connected up with the common filament battery Vi and Н.Т, battery Bs so 
that their plate circuits include the windings of the differential relay R. The plate currents 
traverse the winding R in opposite directions so that their resultant effect may be balanced 


т; Fic. 7. Та 


out in their normal condition. Тһе grid circuits of the valves include resistances Ry, Re 
across which the incoming signal is applied by means of the terminals Ті, Т). The passage 
of a current through the resistance Ку Ко upsets the balance of the valves and causes the relay 
to operate. Alternatively the resistance К, Re may be replaced by the secondary winding 
of a differential transformer through the primary of which the incoming signal is passed. 


690. REconpiNG or Етекг Tower Time SIGNALS FoR DETERMINATION оғ Сгоск Error. 
L. B. Turner. (Electrical World, 75, p. 687, March 20th, 1920—Abstract. Science 
Abstracts, 23A, p. 261, Abstract No. 666, May 31st, 1920—Abstract.) 

See Rapio Review Abstract No. 244, March, 1920. 


691. THE PRINCIPLE or THE ÁTMosPHERIC ErruiNATOR. W. Е. Старог. 
(Model Engineer, 42, pp. 385—386, May 2011, 1920.) 


A selective receiver is described to eliminate atmospherics and jamming. The apparatus 


* See also RApro Review Abstracts No. 244, March, 1920, and No. 690, August, 1920. 
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depends upon acoustic tuning of diaphragms under the influence of an electromagnet through 
which the signals are passed. 


692. А PORTABLE SET, AND SOME РкоревтіЕЅ oF C.W. Sets. R. С. Clinker. 
(Wireless World, 7, pp. 712—721, March, 1920. Engineer, 129, p. 394, 

April 16th, 1920—Abstract. Everyday Science, 2, p. 110, June, 1920— 
Abstract. Technical Review, 6, p. 385, April 27th, 1920—ÀAÀbstract. 
Electrical Review, 86, p. 505, April 16th, 1920—Abstract. Electrician, 

84, p. 406, April 9th, 1920—Abstract.) | 

An illustrated description of a compact portable wireless receiver manufactured by : 


the British Thomson-Houston Co., Ltd., and described by R. C. Clinker at a meeting of the 
Wireless Society of London.* 


693. Tue Роктарномв. (Scientific American, 122, p. 571, May 22nd, 1920.) 


A brief illustrated description of a portable receiver containing its own loop aerial inside 
the case. 


694. THe Wracant Group Frequency Circuir. (Wireless Age, 7, pp. 16 
--20, November, 1919.) 7 
In the circuit described a single valve is used with the telephones tuned to the group 
frequency. 


695. Tue Practica, Construction oF WireLess КЕсЕІуІМС STATIONS. 
P. Maurer. (L’£lectricien, 50, pp. 6—10, January, 1920.) 


This article deals with constructional details of the various parts of small receiving stations 
for experimental use. 


696. CRYSTAL AND Vacuum Tuse Пкткстовв. E. M. Sargent. (Radio 
Amateur News, Y, pp. 355—356, January, 1920.) 


A comparison of the mode of operation of these detectors, by consideration of their 
characteristics. 


697. STRAIGHT DETECTION versus THE OsciLLaTING TuBE. (Scientific 
American, 122, p. 157, February 14th, 1920.) 

Briefly refers to a report of a test carried out by the U.S. Naval Aircraft Radio Laboratory 
with a view to comparing simple detection plus amplification, with a receiver using an 
oscillating valve. The latter arrangement is favoured, particularly for radio-compass work, 
in spite of the loss of individuality in the case of spark signals. 


698. AERIAL ARRANGEMENTS FOR Wrretess SicNALLING. Е. A. Kolster. 
(British Patent 137073, December 24th, 1919. Convention date, 
November 27th, 1916. Patent not yet accepted but open to 
inspection.) 

The essential 
feature of the 
radiating circuit 
described lies in 
the separation of. 
the inductance 
and capacity of 
the aerial instead Fic. 8. 


* See Ranio REVIEW, І, pp. 292—293, March, 1920 ; also RAp10 Review Abstract No. 527, 
July, 1920. 
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of their being jointly distributed as in the ordinary arrangement. The arrangement described 
is practically an ordinary frame aerial with a variable condenser for tuning purposes and 
excited by a spark or arc transmitter. For directional purposes the aerial system may be 
arranged as in Fig. 8, in which the inductance takes the form of the elongated loop A and 
the capacity that of the elongated pair of capacity areas K Кі. An additional variable 
condenser C may be added for tuning purposes. Radiation is a maximum in the plane of 
the coil and plates. 


699. DESIGNING AN AMATEUR TRANSMITTING ÁNTENNA. Е. T. Jones. 
(Radio Amateur News, 1, p. 358, January, 1920.) 


Curves of fundamental wavelength are given for aerials of various heights and spans. 


700. Notes on Rapio Antennas. (Everyday Engineering Magazine, 8, 
pp. 229—230, January, 1920.) 
A brief summary of the chief properties of ordinary antenna, loop acrials, and condenser 
aerials. 


701. ANTENNUE, J. Hettinger. (French Patent 498983, May Ist, 1917. 
Published January 28th, 1920.) 

The invention consists in the use, as transmitting and receiving aerials for wireless telegraphy 
and telephony, of beams of ionised air, such as searchlight beams containing ultra-violet 
rays. It is also proposed to use such beams as electrically-conductive connections between 
fixed or movable stations. A single beam, projected by an arc or mercury-vapour lamp 
enclosed in a quartz vessel, is used as a transmitting aerial, and is connected through an 
electrode and spark gap to earth i in the usual way, the aerial being coupled directly or induc- 
tively to the producing or receiving circuits. If desired two or more beams, either parallel 
or converging, may be employed, the two beams being produced by a single source by means 
of reflecting plates. The arc or spark gap in the oscillation circuit may be used as 
the source of ultra-violet rays. The electrode connecting the beam with the wire leads may 
be a grid lying across the beam or a series of spaced concentric cylinders with their axis 
along the beam, or a plurality of pointed spikes or projections with spaces between. Other 
forms are also described. The electrode for reflecting the beam consists of a metallic plate 
having a number of small reflecting surfaces, the surface facing away from the source of the 
beam being highly polished or covered with metal such as rubidium or an alloy of potassium 
and sodium which is highly sensitive to the photo-electric effect. The other face is covered 
with or formed of a metal which is only slightly sensitive, such as copper. The ionised beam 
may be combined with metallic aerials and may be partly or wholly saturated by direct 
current or alternating current of low frequency. The oscillations are then superimposed 
thereon. 

For further particulars see British Patent 124833, also Варо Review Abstract No. 702. 


702. А Нісн ANTENNA wituouT Нісн Masts. J. Hettinger. (Wireless Ages 
7, pp. 21—23, November, 1919. Science Abstracts, 23B, p. 170, 
Abstract No. 341, March, 1920—Abstract.) 


The use of beams of ultra-violet light to ionise the air is suggested for obtaining a convenient 
elevated antenna. 


703. А New Form or Wrreress AERIAL. (Electrical Review, 86, p. 367, 
March 19th, 1920.) 


Refers to some experiments at Scheveningen on a form of earth aerial. 


704. Wind Errects iN Tower Desicn. R. Fleming. (Engineering News- 
— 83, pp. 640—664, October 2nd, 1919. Science Abstracts, 238, 
pP. 17, Abstract No. 34, January 3oth, 1920—Abstract.) 


This paper summarises American practice with regard to the design of various towers to 
resist wind, The treatment includes towers for wireless aerials. 
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705. IMPERIAL WIRELESS Communications. (Electrical Review, 86, p. 337, 
March 12th; pp. 377—379, March 19th, 1920. Electrician, 84, 
p. 283, March 12th, 1920. Engineer, 129, p. 280, March 12th, 1920. 
Telegraphen- und Fernsprech-Technik, 8, p. 217, March, 1920. Fabrbuch 
Zeitschrift für drahtlose Telegraghte, 15, pp. 515—516, June, 1920— 
Abstract. L’Elettrotecnica, 7, p. 170, April 5th, 1920. Journal of the 
Franklin Institute, 189, p. 606, May, 1920. Technical Review, 6, p. 385, 
April 27th, 1920—Abstract. Science Abstracts, 238, pp. 278—279, 
Abstract No. 549, May 31st, 1920— Abstract.) See also PRoPosEDp 
Імрекілі. WirELEsS System. (Wireless World, 8, pp. 41—43, April 
17th, 1920. Technical Review, 6, p. 459, June 22nd, 1920—Abstract.) 

Marconi's Wireless Telegraph Co., Ltd., have put forward to the Government their proposal 
for an Empire-wide wireless network. "The proposed routes and branches are as follows :— 

(1) England to India, and thence to Singapore, Australia and New Zealand, with a branch 

from Singapore to Hong Kong. 

(2) England to Egypt, and thence to East Africa and South Africa. 

(24) England to Egypt, and thence to India, Singapore, etc. 

(3) England to West Africa, and thence to South Africa ; with a branch from West Africa 

to South America. 

(4) England to West Indies. 

(5) England to Montreal, and thence to Vancouver. 

(6) Australia to Vancouver (only night service to begin with). 

The use of C.W. transmission is recommended. Apparatus is already being assembled 
capable of dealing efficiently with an output of тоо kW. giving an aerial power of 75 kW. Ап 
aerial current of upwards of 300 amperes is expected. 

The proposed aerial system for reception is that due to Franklin, an important characteristic 
of which is the absence of long horizontal aerial wires, which enables the various receiving 
systems to cross one another. The scheme of communications outlined depends funda- 
mentally upon the adoption of the Franklin aerial.* 


706. REVIEW ОЕ TELEGRAPHY IN 1919. (Journal Télégraphique, 44, pp. 1—3, 
January 25th, 1920.) 
Includes a list of recently opened routes of radiocommunication, and references to radio- 
telephone tests. 


707. Notes on THE TELEFUNKEN System. W. D. Owen. (Radiograph, 1, 
рр. 135—137, May, 1920.) 


A brief illustrated description with circuit diagrams and particulars of various parts of a 
Telefunken installation captured during the war. 


708. Tue Prizss Loop Ser: П. Transmitrer.t W. J. Henry. (Radio 
Amateur News, 1, p. 334, January, 1920.) 

The set is excited from a 500 cycle power transformer operated from a 10 volt battery. 

The three turns of the transmitting loop are connected in parallel in order to obtain a low 

resistance. The article includes a wiring diagram and illustrations of the parts of the set. 


709. А LIGHT-WEIGHT AIRPLANE TRANSMITTER. (Everyday Engineering 
_ Magazine, 8, pp. 228—229, January, 1920.) 
An illustrated description of a 4 kW. set manufactured by the Е. J. Simon Со. 


Ж See also рр. 543—544 of this issue. 
T See also RApro Review Abstract No. 530, July, 1920. 
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710. Rapio TELEGRAPH AND Compass SERVICE ON THE COAST IN THE 
NEIGHBOURHOOD OF New York Наввоув. (Telegraph and Telephone 
Age, 38, рр. 17—18, January, 1920. Aire, Mar y Tierra, 2, pp. 43 
--44, January, 1920.) 


Deals with the radio traffic control arrangements near New York (see Клого REVIEW 
Abstract No. 203, February 1920). 


711. RaDIOTELEPHONY ON Mount Ноор. C. M. Allen. (Radio Amateur 
News, 1, p. 336, January, 1920.) 


Describes an installation used in connection with the Forest Protective Service. 


712. CHRISTIANIA WIRELESS Station. (Teknisk Ukeblad, January 16th, 


1920. Technical Review, 6, p. 177, February 17th, 1920—Abstract.) 

A note to the effect that this station was officially opened on January 1oth last. The 

installation works on the Arco system and is to be used exclusively for European messages, 
while the Stavanger station is reserved for American traffic. 


713. WIRELESS TELEGRAPHY IN САВА JuBy. (Aire Mar y Tierra, 2, pp. 17 
—21, January, 1920.) 
A general description of the station. 


714. WIRELESS COMMUNICATION ON THE LACKAWANNA RairgoAp. (Tele- 
graph and Telephone Age, 38, pp. 67—68, February Ist, 1920.) 


A brief note relative to the resumption of radio work and experiments on the use of wireless 
on the trains of the Lackawanna Railroad Company. A number of illustrations of the 
installations are included. 


715. WIRELESS AND Everypay Business. В. Е. Miessner. (Scientific 
American, 122, p. 182, February 21st, 1920.) 
The applications of radiotelephony on the Lackawanna Railroad and elsewhere are dealt 
with. 


716. DEVELOPMENT ов WiRELESS TELEGRAFHY. (ire Mar y Tierra, 2, 
pp. 55—56, January, 1920.) 
717. Tur WiRELEss Era. (W.P.L. Review, 1, pp. 10—14, March, 1920.) 


A general article describing briefly the triode valve and some of its applications. 


718. PROGRESS iN THE Акт oF Communication. В. Gherardi and Е. В. 
Jewett. (Electrical World, 75, pp. 202—204, January 24th, 1920.) 


Includes a very brief resumé of radio developments during 1919, in the three chief branches 
of Radiotelegraphy, Radiotelephony, and Radiogoniometry. 


719. An InrerEstinc Aupion Controt Box. M. B. Sleeper. (Everyday 
Engineering Magazine, 8, pp. 316—317, February, 1920.) 
An illustrated description of a valve receiver manufactured by the Wireless Improvement 
Company (New York). 


720. THE ANNUAL PHYSICAL Ѕосівтү AND ОртісАІ SocieTy EXHIBITION. 
(Electrician, 84, pp. 63—65, January 6th, 1020; pp. 117—119, January 
30th, 1920; pp. 146—147, February 6th, 1920.) 


Contains detailed descriptions of the electrical and wireless exhibits.* 


* See also Rapio REVIEW, 1, p. 240, February, 1920. 
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721. STANDARDISATION OF ELECTRICAL Inpicatinc INSTRUMENTS FOR 
Use ууітн RApiro Apparatus. G. Y. Allen. (Electrical Journal, 16, 
рр. 494--500, November, 1919. Science Abstracts, 238, p. 33, 
Abstract No. 65, January 30th, 1920.) 

This paper describes with numerous illustrations the work carried out by the U.S. Navy in 
co-operation with various instrument-making firms towards standardising ammeters, volt- 
meters, etc., both for direct and alternating currents, and for high and low frequencies. 
The data includes constructional details of a special radio frequency ammeter with a bulb 
type of thermo-couple. 


722. А §00,000-voLT CONDENSER FoR Testine Purposes. (Electrical 
World, 74, pp. 404—405, August 23rd, 1010. Science Abstracts, 23B, 
p. 33, Abstract No. 66, January 3oth, 1920.) 
This condenser has been designed for testing insulators for radio work. It is built for 
frequencies up to 60,000 cycles and is used in conjunction with a Poulsen arc. It is housed 
in a special hut outdoors. 


723. EvecrricaAL УУАвмікс Sicnats ror Ваплуду Trains. (L Electricien; 
50, pp. 145—149, April 15th, 1920.) 


The Augereau system* of wireless communication with moving trains is described, together 
with a brief resumé of other experiments including wireless telephone communication tests 
with American trains, one of the latter installations befng illustrated. 


724. Some Deraits or A New Conpenser. M. B. Sleeper. (Everyday 
Engineering Magazine, 8, pp. 314—315, February, 1920.) 
An illustrated description of a special form of vane type variable condenser designed to 
have great mechanical rigidity. 


725. Ten-Step VARIABLE Ікрустов. (Electrical World, 75, p. 761, March 
27th, 1920.) 
A short note describing and illustrating a new variable inductance for H.F. circuits 
manufactured by the Clapp-Eastham Manufacturing Co. 


726. THE Western Етествс  Co/s Lovup-spEaAkinc TELEPHONE. 
(Electrician, 84, p. 300, March 12th, 1920. Science Abstracts, 23B, 
p. 224, Abstract No. 440, Abstract.) 


Describes the constructional details of this new telephone and its use with amplifying valves. 


727. MANUFACTURING DETAILS or THE “В” BATTERY. (Everyday Engineer- 
ing Magazine, 8, pp. 226—227, January, 1920.) 


728. New Apparatus For Licut Ткъкрнону. H. Thirring.  (Pbysi- 
kalische Zeitschrift, 21, рр. 67—73, February Ist, 1920.) 


A description of improved apparatus developed in Germany during the war but too late 
to be employed at the front. The transmitter consisted of a searchlight upon the current of 
which is superposed the microphone current ; the receiver consisted of a camera in which 
the beam is focussed on an improved selenium cell operating a telephone receiver through a 
four-stage amplifier. The difficulties arising in connection with various types of selenium 
cells and the troubles due to the self-excitation of the amplifiers are discussed. Even with a 
four-stage amplifier and a 35 cm. searchlight the range is only 8—g km. The author entirely 
discredit’s Ruhmer’s claim to a range of 15 km. . 


* Каро Review Abstract No. 566, July, 1920. 
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729. TELEGRAPHY AND TELEPHONY By Licur Rays. Т. W. Case. (French 
Patent 499912, September 24th, 1918. Published February 26th, 
1920.) 

This specification describes a method of and apparatus for signalling by radiant energy. 
Light waves are utilised to vary a local current in accordance with a variation in the light. 
waves produced at the sending station. 

For further particulars, see British Patent 132341.* 


730. Роттікс Імғвкл-кер Rays To Work. С. Gaulois. (Scientific American, 
122, p. 248, March 6th, 1920.) 


A description of a photophone signalling arrangement using infra-red rays used during the 
war. A six-valve amplifier was used in conjunction with the receiver. Particulars of the 
filters for cutting out the visible rays from the transmitting searchlight are also given. 


731. TELEPHONING BY Ілснт. A. O. Rankine. (Nature, 104, рр. 604—606, 
February sth, 1920.) 
A summary of early work, together with a description of the arrangements due to the 
author.t 


732. THE TRANSMISSION OF ЅрЕЕСН By Licur. А. O. Rankine. (Science Abstracts, 23A,. 
р. 52, January 30th, 1920—Abstract.) 
See Rapio Review Abstract No. 178, January, 1920. 


733. GERMAN ArrcrAFT RapioTELEGRAPHY. Е. Niemann. (Jahrbuch der 
Drabtlosen Telegraphie, 14, pp. 69—89, and 190—206, May and July, 
1919. Electrical W rid, 75, p. 687, March 20th, 1920—Abstract.) 
The article gives a description of a number of airplane stations for various purposes, and. 
deals in detail with many practical questions. 


734. FLYING over Сіоорѕ Іх RELATION то COMMERCIAL AERONAUTICS.. 
M. Jones. (Aeronautical Journal, 24, pp. 220—249, Мау, 1920.) | 
The use of wireless telephony is discussed in connection with cloud flying in commercial 
aviation. 


735. Use or WinELESS ror Press Purposes. H. Bredow. (£lektro- 
technische Zeitschrift, 41, pp. 75—76, January 22nd, 1920.) 
A discussion from many points of view of the relative advantages and disadvantages of 
wireless and wire telegraphy for the distribution of news. 


736. Some DEVELOPMENTS IN THE ELECTRICAL INDUSTRY DURING 1919. 
J. Liston. (General Electric Review, 23, pp. 4—56, January, 1920.) 


A short section on radio communication is included in this resumé. The 200 kW. Alexander- 
son alternator is dealt with particularly and the special regulator for maintaining constant 
speed is described. The high-frequency alternators are usually driven by 60 cycle induction 
motors fed from public power lines. One or more choke coils may be inserted in the supply: 
line to the induction motor and the direct current saturation of these chokes controlled by 
means of a vibrating regulator of the ordinary power station type. The operation of thc- 
regulator is controlled by rectified current derived from a tuned high frequency circuit fed. 
from the H.F. alternator. 


737. A New PowzRrvL WirELEss Company. (Wireless Age, 7, pp. 10—12, 
November, 1919. See also Telegraphen- und Fernsprech-Technik, 8, 
р. 33. May, 1920.) 


Deals with the formation of the Radio Corporation of America. 


% 


* Барто Review Abstract No. 320, April, 1920. 
T See Варто Review Abstracts No. 178, January, 1920, No. 255, March, 1920, and No. 732. 
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738. RADIOTELEGRAPHIC STATISTICS FoR 1018. (Journal Télégraphique, 
44, pp. 22—28, February 25th, 1920.) 
Gives numerous particulars (number of stations of various classes, number of messages, 
receipts, etc.) classified under the various countries of the world. 


739. Locating UNDERGROUND Pipes AND CABLES wirH WIRELESS APPA- 
RATUS. М. Dieckmann. (Elektrotechnische Zeitschrift, 41, pp. 435 
—436, June 3rd, 1920.) 

A quenched spark transmitter connected to a frame aerial and a detector and telephone 


receiver connected to another frame aerial are used as transmitter and receiver. The signals 
will be strongest when the two coils are over the pipe or cable. 


740. WirELEss Sicnats on Locomotives. J. Trevieres. (Le Génie Civil, 
76, рр. 391—394, April 24th, 1920.) 


A description of a system under trial in France in which the movement of the signal closes 
a circuit and operates a wireless apparatus (Ruhmkorff coil and spark-gap) connected to an 
aerial alongside the track. The locomotive carries a receiving aerial and coherer by means of 
which a steam whistle is controlled.* 


741. А Rapro Кквклавсн Волво. (Nature, 104, p. 638, February 12th, 
1920. Electrical Review, 86, p. 209, February 13th, 1920.) 


A list is given of the members of this Board which was recently established by the Depart- 
ment of Scientific and Industrial Research. 


742. THE CowTRoL or WinELEss TELEGRAPHY IN Enciano. (Revue 
Générale de P Electricite, 7, p. 48, January 3rd, 1920.) 


Discusses the question of the undesirability of restricting “ amateur" wireless activities. 


743. X-Ray Рнотоскарнв or Rapio Apparatus. P. C. Rouls. (Radio 
Amateur News, 1, p. 688, June, 1920.) 
The author refers to the use of X-ray photographs for rendering visible the arrangement 


of the wiring in the interior of radio apparatus. The method is particularly useful when the 
wiring is bedded in the interior of insulating panels. 


744. Use or Rapio sv Transmission Companies. G. А. Iler. (Electrical 
World, 75, pp. 376—377, February 14th, 1920. Science Abstracts, 
23B, p. 220, Abstract No. 430, April, 1920, Abstract.) 

Illustrates the apparatus used by the Georgia Railway and Power Co. at their central 
and other stations. No trouble was experienced from the H.T. lines provided the aerials 


were arranged symmetrically with respect to the lines. The possible future use of wireless 
telephony is also discussed. 


745. Two PHENOMENA DISCOVERED BY Means or Ampuiriers. H. Bark- 
hausen. (Physikalische Zeitschrift, 20, p. 401, September, 1919. 
Elektrotechnische Zeitschrift, 41, p. 379, May 13th, 1920—Abstract. 
Wireless World, 7, pp. 691—692, March, 1920—Abstract. Technical 
Review, 6, p. 342, April 13th, 1920—Abstract.) 

If thin well-annealed iron is subjected to a steadily changing magnetising force, the E.M.F. 


induced in a coil gives noises in an amplifier, indicating sudden molecular movements. 
Peculiar sounds heard with amplifiers connected to earth wires are also mentioned. 


* See also Клото Review, 1, Abstracts No. 566, July, 1920, and No. 723. 
T See also Rapiro Review Abstract No. 414, June, 1920. 


Auc., 1920. Воок КЕуткту5 573 


746. ALTERNATING CURRENT ÁMPLIFIER. H. Könemann. (German Patent 
303932, December 5th, 1916.) o. 

An amplifier of alternating current consisting of a direct current arc with parallel oscillating 

circuits of different frequencies (Fig. 9). Sufficient resistance is included to bring the circuits 

to the verge of self-excitation in which case any impressed current oscillation may be amplified. 


747. Сатнорв Ray Товеѕ. Gesellschaft für drahtlose Telegraphie. (German 
Patent 299103, March 21st, 1915. Patent published, September 11th, 
1919. Addition to German Patent 298460. Jahrbuch Zeitschrift fiir 
drabilose Telegraphie, 15, p. 645, November, 1919—Abstract.) 


A cathode ray tube for the amplification or generation of high-frequency oscillations in 
which the hot cathode of large surface consists of several parallel evenly spaced filaments 
which are connected electrically in parallel. The cathode and its connections lie in a plane 
which cuts the grid perpendicularly. 


2. Books. 


Като EwciNEERING Рвіксірікв. By H. Lauer, B.S., and 
H. L. Brown, B.E.E. (New York: McGraw-Hill Book 
Co., Inc. London: Hill Publishing Co., Lid. 1920. Pp. 


xv. + 300. Price 215. net.) 

This book is written by two former officers of the Signal Corps of the 
United States Army whose duties were “ the preparation of training literature 
on radio theory and equipment.” It contains, no doubt, the gist of a good 
deal of the literature thus prepared and is now published presumably for the 
consumption of the purely practical radio expert. 

The whole field of modern wireless is covered in a descriptive manner 
with at intervals little outcrops of mathematics and extracts from recent 
papers and patent specifications. 

According to the title page, the qualifications of the authors are unimpeach- 
able, but after reading the book the conclusion is unavoidable that they do 
not understand the underlying principles of their subject. The book is 
full of statements which are either incorrect or misleading. These statements 
are distributed throughout the whole book and occur as frequently in the 
description of the action of specific pieces of apparatus as in the discussion 
of general principles. In many places, too, mere statements of facts are 


paraded in the guise of logical arguments. 
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To take the individual chapters in order, the first is a refreshing attempt 
to break away from the usual dull résumé of electromagnetic theory found 
in the opening chapters of the majority of similar books. But it is 
disappointing to find it neither a logical statement of the modern electron 
theory nor a pleasantly readable account of the modern views of electricity. 

Chapter II. deals with single and coupled oscillating circuits, and is perhaps 
a little more satisfactory than the first chapter. In Chapter III., the 
suspjcion that arose when reading Chapter I., viz. that the authors do not 
understand the generally accepted theory of electromagnetic waves, becomes 
a certainty. Nor are they much happier in their description of the 
oscillations in an open earthed aerial. 

Chapter IV. is the first chapter dealing with the application, and consists 
of a very passable account of the older damped-wave telegraphy, both 
transmitting and receiving. The usual methods are described and the 
advantages of loose-coupled receivers are well accentuated. Chapter V. 
corresponds to Chapter IV. but deals with the continuous-wave systems 
other than the valves. The essential features of the alternators and arcs 
are well described and heterodyne reception is dealt with fairly completely. 

Chapter VI. contains a good general account of the three-electrode valve. 
The amplification factor of the valve is discussed at some length and its 
relation to the slopes of the characteristics worked out—albeit a little 
inconsistently at one or two points. Chapter VII. deals with the use of the 
valve for detecting. As in the majority of text books the detecting action 
with the grid insulating condenser is badly described. Chapter VIII. deals 
with amplifiers and on the whole is good. All the amplifier circuits of 
Figs. 147 and 148, 150, 152 and 153 have the anode battery shown on the 
valve side of the anode circuit. In practice the leakage and earth capacity 
of the battery would reduce the high-frequency amplification to a negligible 
amount with this arrangement. Also, separate batteries are shown for 
each valve. All this may be intentional, with a view to simplifying the 
explanations. But it is not stated that this is the case and the reader is 
led to suppose that this is the usual procedure. The claim for an 
amplification of 1014 for a seven-valve Signal Corps amplifier must surely be 
a record ! 

The ninth chapter deals with the valve as an oscillator, and is again quite 
good up to a point. It is noticeable that nothing—or practically nothing— 
is said of the limitations of output from a tube and the conditions prescribing 
these limits. Many circuits are described, but not at all from the practical 
point of view. 

Radiotelephony, Chapter X., is quite well done. Here the authors are 
evidently more at home, but the following statement on the top of p. 254 
gives опе food for thought :—“ During the travel of the waves through the 
ether from the transmitting to the receiving station, voice modulations of 
high frequency or pitch are absorbed to a greater extent than those of lower 
frequency." 

Chapter XI. deals with direction finding and but for the now well- 


AUG., 1920. Воок Reviews 575 


established impression that the authors do not understand the electro- 
magnetic wave theory, might be very good indeed. 

The last chapter gives a very short account of the application of wireless 
apparatus to special purposes such as aircraft, submarines, laboratory 
work, etc. 

In spite of all these criticisms, this book has however one saving grace. 
Except in a few cases where very recent and untested apparatus is discussed 
(as for example on pp. 256 and 257) the perspective is essentially practical 
and up-to-date. Only those points are stressed which are of importance, 
and side issues are in general avoided. This is a merit not to be found in 
all books and will act as a counterpoise to some at any rate, of the defects 
mentioned. To the operator or amateur whose interests are purely practical 
and who does not desire the niceties of scientific accuracy this book may be 
recommended. 

The printing and reproduction are in keeping with the usual high standard 
of the McGraw-Hill Co., and the number of mere printer's errors is no more 
than is to be expected in a first edition. 

C. L. Forrescue. 


TREATMENT OF Harmonics ім ALTERNATING CURRENT THEORY 
BY MEANS OF A Harmonic Аісеввл. Ву A. Press. 


(Berkeley, U.S.A.: The University of California Press. 
1919. Рр. 66. Price $1.00.) 


The object of this pamphlet is to give a mathematical discussion of the 
problem of wave-form in iron-cored inductances when an alternating current 
is applied to them. It is well known that owing to the saturation and 
hysteresis of such iron cores various higher harmonics appear in the current 
and flux wave-forms depending on the actual conditions. ТЕ it is assumed 
that the magnetising force, and therefore the magnetising current, is a pure 
sine wave the problem presents no difficulty ; but unfortunately this is not 
the case which usually occurs. Generally the problem appears in the 
reverse form. The wave-form of the applied voltage and therefore of the 
resultant flux is known and it is required to deduce from this the current 
wave-form. In this form the problem has so far defied solution by mathe- 
matical means. 

Mathematically this means that in the equation B= uH, p is nota 
constant but a two-valued function of B. 

The basis of the author's method is to introduce an operator function Qn 
such that Qm operating on sin pt produces sin трі An operator calculus 
is thus derived by means of which this inverse operation is effected. The 
successive coefficients in the Fourier expansion of H are evaluated term by 
term, the algebra being fairly simple except in a few special cases. The 
method is applied to verify some results given by Hague and Neville in the 
Electrician, October 13th, 1916, but the discrepancies are rather large. 

The special calculus is also applied to various other problems which arise 


576 THE RADIO REVIEW БАС? 


in alternating current engineering such as the distribution of flux density in 
a mass of iron subjected to an alternating E.M.F. and formule are deduced 
for the power lost in such cases. | 
The work is not, of course, of special interest to the radio engineer whose 
use of iron cores is strictly limited; even when used they are worked at 
extremely low densities. It might, however, possibly come in in the design 
of control chokes for radiotelephony in connection with speech distortion. 
| J. Hornwcwonrn. 


La TELEFONIA senza Fito. By Umberto Bianchi. (Milan: Ulrico 
Hoepli. 1920. Pp. viii. + 296. Price L. 10.) 

À very unpretentious account of the development and present state of 
radiotelephony. No mathematical expression or symbol occurs in the whole 
volume and the book is evidently intended for a non-technical reader. It 
contains many inaccuracies, however, and one would hesitate to recommend 
it to such a reader. In addition to misleading descriptions of phenomena, 
one comes across such things as the following :—“ un’ energia primaria di 
goo volts e una energia radiata di 300 watts," neither volts nor watts being 
units of energy. The book is profusely illustrated, but many of the photo- 


graphs are very poorly reproduced, 
G. W. O. H. 


Books Received. 


GRUNDRISS DER FUNKEN-TELEGRAPHIE IN GEMEINVERSTANDLICHER DARSTELLUNG. By 
Dr. NU Fuchs. (Munich: R. Oldenbourg. Eleventh Edition. 1920. Pp. 73. Price 
2.75 M. 

Tur How AND Way оғ Каро Apparatus. Ву Н. W. Secor. (New York: Experimenter 
Publishing Co. Inc. 1920. Pp. 160. Price $1.75.) 

ETUDE DE QUELQUES PROBLEMES DE RADIOTELEGRAPHIE. By H. de Bellescize. (Paris : 
Gauthter-Villar et Сі. 1920. Рр. 174. Price 16 fr.) 

LÉMENTS DE ТЕГЕСВАРНТЕ SANS Еп. PRATIQUE. Ву Е. Duroquier. (Paris: H. Dunod. 
Second Edition. 1920. Рр. 130. Price 6 fr. 75.) 

RapiorÉrÉGRAPHIE PRATIQUE ET RADIOTELEPHONIE. By Р. Maurer. (Paris: H. Dunod. 

1920. Pp. 386. Price 21 fr.) 


A New French Radio Journal. 


The first issue of a new French journal Radioélectricité has recently been published in Paris 
under the auspices of the Revue Générale de l’ Électricité. This new monthly publication is 
addressed to all classes of radio workers and is to include technical and theoretical articles as 
well as more practical ones addressed to the experimenter and amateur. Special sections will 
be devoted to maritime and commercial information including matter of interest to ship 
wireless operators. A review of books and current periodicals is also to be included. 

The Administrative Committee, under the presidency of M. J. Carpentier, includes the 
following engineers: MM. Brenot, Brylinsky, Dupont, Girardeau, de Valbreuze and Lezaud. 
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Electron Tube Generators of Alternating 
Currents of Ultra-Radio Frequencies.* 
By G. C. SOUTHWORTH, M.S. 


INTRODUCTION, 


The electron tube amplifier when properly connected to a circuit containing 
inductance and capacity, will sustain continuous oscillations in that circuit. 
Ihe tube merely provides the switching mechanism by which the energy 
from some source is used to maintain these oscillations. Its rôle is analogous 
to that of the escapement of a clock or the slide valve of a steam engine. 

A general form of a generator circuit is shown in Fig. r. The manner 
in which it operates may be explained briefly as follows: Variations in the 
plate current %,, due to variations in the electron emission from the hot 
filament to the plate, cause a reactance drop across Xp. This institutes an 
E.M.F. in the oscillatory circuit ХХХ, which results in a current I). 
Variations in I, create a reactance drop across X, and impress a voltage on 


Fic. 1.—General form of Oscillating Circuit. 


—— — — TR 


* Received April 3oth, 1920. 
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the grid. The variable grid voltage in turn causes variations in the plate 
current. This provides the conditions for continuous oscillations assuming: 
that the connections give the proper phase relations. The power supply 
for sustaining these oscillations comes from the battery in the plate circuit. 


Fic. 2.—The “ Hartley Circuit." 


When X, and X, are inductive reactances and X, is a capacitive reactance 
Fig. 1 reduces to the so-called “ Hartley Circuit.” If X, and X, are capaci- 
tive reactances and X, is an inductive reactance, it reduces to the “ Colpitt 
Circuit." In either case the frequency of oscillation is approximately that 


which makes X, + (X, + Xj) = 0. 
APPLICATION TO THE HicHER FREQUENCIES. 


The electron tube generator is seldom used for frequencies higher than a 
few million cycles per second. Below this limit little difficulty is experienced, 
but at the higher frequencies difficulties of various kinds are encountered. 
The greatest of these are the necessarily small dimensions of the coils and 
condensers used, the uncertain distribution of the inductance and capacity 


J0000C 
Fic. 3.— The “ Colpitt Circuit," 
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of connecting wires and instruments, and the relatively large capacities that 
exist between the electrodes of the tube. In view of these difficulties it is 
obvious that the Hartley Circuit in the form shown in Fig. 2 is not adaptable 
to wavelengths shorter than perhaps 50 metres since the tube capacities 
C, C, and C, may form circuits with the coupling inductances L, and 
L, whose natural periods limit the frequency and the power output. 

The Colpitt Circuit which used capacitive reactances for coupling the 
tube to the circuit offers a great advantage inasmuch as the tube capacities 
do not ordinarily form resonant circuits with the coupling reactances. Its 
great disadvantage lies in the fact that numerous pieces of apparatus are 
required between which there may be extraneous capacities and weird 
coupling effects. The Colpitt connection in its usual form is shown in Fig. 3. 
The oscillatory circuit for the lower frequencies is indicated by the heavy 
lines. The choke p, completes the circuit for the direct current component 
of the plate current. The choke p; in conjunction with the large capacity 
q, serves to keep the grid and filament at approximately the same voltage. 
The design of the chokes is such as to make their reactance much greater 
than that due to С, or Cp, and the natural period of the oscillatory circuit 
is not seriously altered by their presence. When all dimensions of this form 
7 пи are suitably reduced wavelengths as short аз 20 metres may be 
obtained. | 


m 000000 
Lo 
Fic. 4.—Modified Colpitt Circuit for High Frequencies. 


The modification shown in Fig. 4 eliminates the choke between grid and 
filament. The choke p consists of double turns through which the filament 
current may be led. This simplification was found sufficient to reduce the 
wavelength to 10 metres. 


Circurr For Propucinc Very Hicu FREQUENCIES. 


In order to produce wavelengths shorter than 10 metres it is necessary 
to substitute for the circuit having “lumped” inductance one having its 
inductance and capacity uniformly distributed. 

222 
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It has been found that by this arrangement wavelengths considerably 
less than two metres may be obtained with the VT-2 tube. The circuit 
diagram is shown in Fig. 5. The author has departed somewhat from the 
conventional methods of drawing such diagrams, in order to show the relative 
location of the apparatus in the circuit. The oscillatory circuit is indicated 
by the heavy lines. Its frequency is determined by the dimensions of the 


rectangle, the capacity C and the capacity between the electrodes of the 
tube. 


Fic. 5.—Circuit with Distributed Capacity and Inductance for generating Ultra- 
radio Frequencies. 


The relative location of the apparatus in the circuit is of very great 
importance. The conductors through which the input is led, place three 
points of the circuit at earth potential. It is preferable therefore to locate 
these three points as close together as possible. Since the length of the 
rectangle is appreciable compared with the wavelength, waves are propagated 
along the rectangle and reflected at the ends. The ground imposed by the 
power leads may well be placed near the middle of the end of the rectangle. 
If the capacity of C is. approximately equal to that of the tube, the voltage 
distribution along the two sides of the rectangle will be symmetrical. The 
wave front is therefore approximately perpendicular to the conductors 
forming the sides of the rectangle. “This symmetrical condition may be 


Fic. 6. 


(To face p. 580.) 
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verified by grounding corresponding points on the opposite sides of the 
rectangle and observing the power output. А second point at earth potential 
will be observed near the middle of the closed end. 

A generator which was found to oscillate well at the highest frequencies 
mentioned above is shown in Fig. 6. The rectangle which is 13 cm. in 
width is variable from 8 cm. to 21 cm. in length. The condenser C consists 
of two concentric cylinders 3-2 cm. long with diameters of 1:8 cm. and 2-5 cm. 
The choke p is made by winding 11 double turns of No. 24 magnet wire on 
a former 2-2 cm. square and 2:2 cm. long. Тһе stopping condensers q, and 
qs are made up of alternate sheets of foil and mica each 2:5 cm. square. 
Enough are assembled to make a capacity of about 1500 puF. The electron 
tube is the U.S. Army Type VI-12. The capacities between the electrodes 
are about 5 pF. each after the base has been removed. Other circuits 
used for developing high frequencies are described in the articles mentioned 
below. 


WAVELENGTH CALIBRATION OF THE GENERATOR. 


The most accurate way of determining the wavelength of the generator 
is to couple it to a parallel wire system and measure the length of the standing 
waves produced. The details of this method will be given later. 

The curves of Fig. 7 are the values of the wavelength of the generator 
plotted against the length of the rectangle. The family of solid curves is 
the calibration when the type VI-2 tube is used, the dotted line curves are 
obtained when the УТ-12 tube is used, and the broken line curves are 
obtained with the VT-14.+ Each curve is a result of a different setting 
of the condenser C. The removal of the unused portions of the conductors 
increases the stability of the circuit and makes it possible to obtain wave- 
lengths shorter than those indicated in Fig. 7. A minimum wavelength 
of 110 cms. has been obtained with the VI-14 tube. From the straight line 
characteristic of these curves it is obvious that the wavelength 15 approxi- | 
mately proportional to the length of the rectangle. This verifies statements 
previously made, concerning the distributed nature of the capacity and 
inductance. 

One might expect that the oscillatory circuit having distributed constants 
would reinforce certain harmonics, A careful investigation involving two 
different methods failed to detect either even or odd harmonics. One of 
the methods used would have detected any harmonic, the amplitude of which 
was one-half of one per cent. of the fundamental. This would indicate that 
the wave produced was approximately sinusoidal. 

The power input of the generator shown in Fig. 6 as measured by the 


* W. C. White, “Тһе Pliotron Oscillator for Extreme Frequencies” (General Electric 
Review, 19, pp. 771—775, September, 1919). B. van der Pol, “ The Production and Measure- 
ment of Short Continuous Electromagnetic Waves " (Philosophical Magazine, 38, рр. 90—97; 
July, 1919). C. Gutton and M. Touly, “ Undamped Electric Oscillations of Short Wave- 
length " (Comptes Rendus, 168, pp. 271—274, February 3rd, 1919). Also Revue Générale de 
P Électricité, March 15th, 1919. ' 

t The VT-2, VT-12, and the VT-14 are types of power tubes used by the U.S, Army. 
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product of the plate current and plate voltage varies with the adjustment 
of the circuit from 10 watts to 30 watts. In the latter case of course the 
tube is greatly overloaded. Inasmuch as 15 watts may easily be dissipated 
without excessive heating of the plates, we may conclude that the tube is 
being operated under fairly favourable conditions. 


WAVE LENGTH (CMS) 


8 lo [2 14 IG (8 20 
LENGTH OF RECTANGLE (CMS) 


Fic. 7.—Calibration Curves for Electron Tube Generator of Ultra-radio Frequencies. 


No satisfactory method is available for measuring currents at these high 
frequencies. In an early experimental circuit a shunted ammeter located 
in the oscillatory circuit indicated currents of 4 amperes. The nature of its 
shunt and the proximity of the meter case to other pieces of apparatus 
would indicate that the actual current was much greater than that read by 
the ammeter. It was also found that upon removing the meter the input 
was considerably reduced. This proved that the ammeter contributed an 
appreciable portion to the total losses, 
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The constancy of this generator is approximately the same as for the tube 
circuits used for lower frequencies providing it is properly shielded. It was 
found that the output was seriously affected by reflecting objects located 
in the plane of the rectangle. This was particularly noticeable when the 
generator was coupled to a parallel wire system. In this case the current 
in the parallel wire system would fluctuate several per cent. as a person 
approached the generator in a direction along the plane of the rectangle. 

his apparently caused conditions of interference by reflecting back a 
portion of the radiated energy. This effect was noticeable at distances equal 
to several wavelengths. 


METHOD or Mrasurinc WAVELENGTH. 


The resonator on which the standing waves are produced and measured 
consists of two parallel wires 5 cm. apart, which terminate in plane reflectors. 
One of these reflectors is made in two parts connected by a cross wire thermo- 
couple. The other terminals of the thermocouple lead to a sensitive galvano- 
meter of low resistance. The extra lengths of wire necessary for making 
adjustments pass through a conducting plane over pulleys and support 
weights which keep the parallel wires taut. Springs make positive contact 
between the wires and the thermocouple. The shielding effect of the con- 
ducting plane prevents standing waves on the extra lengths of wires or the 
galvanometer leads. The thermocouple and two-piece reflector are insulated 
from the shield by means of thin mica. The end of the resonator to which 
the generator is coupled is supported by a post mounted on a sliding platform. 
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Fic. 8.—Arrangement of Apparatus for measuring Wavelength. 


The generator being mounted on this platform enables the coupling to be 
kept constant while the conductors are being adjusted for length. A screw 
attached to the sliding platform permits an accurate adjustment of the 
lengths of the wires. The lengths are determined by a vernier attached 
to the platform which passes over a fixed scale. The arrangement of the 
generator and resonator is shown in Fig. 8. 

A resonance curve plotted from corresponding readings of length of 
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resonator and galvanometer deflections is shown in Fig. 9. The sharpness 
of resonance as defined by the ratio of the fractional change in the current 
to the fractional change in the length of the conductors is approximately 
260. The sharpness of resonance for many wavemeter circuits used in 
radio is 40. The sharpness of resonance could be increased considerably 
by choosing a thermocouple of lower resistance. 
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Fic. 9.—Resonance Curve. 


The constancy of this type of generator and the degree of precision with 
which points of resonance may be determined make it especially adaptable 
to measurement purposes. Many of the corrections necessary when a 
damped source is used are eliminated. The applications of the electron 
tube, to measurements at ultra-radio frequencies will be presented in a 
subsequent paper. 

Yale University, 

New Haven, Conn. 
February 12th, 1920. 
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Everyday Measurement of Inductance and 


Capacity in the Wireless Laboratory.* 
Ву L. B. TURNER, М.4., M.IE.E. 


“ The most important step in the progress of every science is the measure- 
ment of quantities," said Clerk Maxwell; and this is almost as true in the 
work of designing wireless apparatus as in that wider field of scientific 
research into the unknown to which the quotation strictly refers. Every 
competent wireless experimentalist either possesses or feels the want of 
means to measure quickly and easily those two most important dimensions 
of his equipment, the inductance and capacity of his coils and condensers. 
The more pressing need is for ease and rapidity, rather than for great preci- 
sion, of measurement; and while a cupboardful of calibrated and labelled 
inductance coils of various shapes and sizes is a valuable possession, facilities 
for measuring in a moment the inductance of any half-stripped winding he 
may be handling is of much greater worth. 

Since a wavemeter is a necessity in all wireless experimental work, it 
frequently happensthatlaboratory measurements of inductance and capacity, 
when made, are made by a method of wavemeter resonance. With the 
modern triode substitute for the buzzer generator of oscillation, this method 
is capable of giving precise results; but it is often both inconvenient and 
inaccurate; inconvenient in that to cover the wide ranges of values involved, 
many interchangeable standard coils and condensers must be used ; inaccurate 
because all such high-frequency measurements are subject to great errors 
arising from stray inductances and capacities (especially the latter) unless 
troublesome precautions are taken and corrections applied. On the other 
hand, by resorting to measurement at low frequency, the self-capacities of 
coils, and the inductances and capacities of connecting wires and fittings, 
become negligible; so that if apparatus sufficiently simple and easily adjusted 
can be devised a low-frequency method is much more convenient than the 
wavemeter method. Urged by an experience of the need and the difficulties 
referred to, the writer was moved to design the two instruments described 
below.t When installed (immovably) in his laboratory, they quickly came 
to be regarded as almost indispensable instruments, partly as mere time 
savers, but even more as conferring that freedom and confidence which can 
rest only on a knowledge of the dimensions of the circuits handled. 


 INpvcTANCE BRIDGE. 


For measuring inductances, the bridge circuit | shown in Fig. І was 
adopted ; the supply across one diagonal of the bridge being an interrupted 


* Received June 21st, 1920. 


T They were designed and constructed at the Signals Experimental Establishment, Wool- 
wich, and the writer is indebted to Lieut.-Colonel Cusins, C.M.G., R.E., for permission to 
reproduce the photographs. 


і Due to D. Owen, Electrician, July 30th, 1915. 
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unidirectional current, and the detector across the other diagonal being an 
ordinary headgear telephone receiver. The conditions for balance are easily 


shown to be 
(rr mn ........ (1) 
and L=10,R ....... (2) 


These equations involve no frequency factor, so that the complications of a 
steady sinoidal generator of known frequency are avoided, and the much 
simpler device of a D.C. supply with buzzer interrupter is applicable. 

In the bridge as constructed, 7) and 7; are made fixed resistances, and 
condition (1) is provided for by making С, a variable condenser. Cy, is 
referred to as the compensating condenser, being reduced in capacity to 
compensate for the resistance r of the inductance coil under test. The value 
of the inductance sought is given by condition (2), and is read off as the value 
of the external resistance В multiplied by the factor 7,C,. It is convenient 
to read R in ohms and to evaluate L in microhenries. We have then 


L (microhenries) — R (ohms) x M 


where the multiplier M is the product of 7; in ohms and C, in microfarads 
C, is made, 0:0100 microfarad; rı 
(and е) can be plugged to any of the 
four values 1, 10, 100 or 1,000 ohms ; 
so that M is made 0:01, 0-1, 1 or 10 at 
will. A photograph of the instru- 
ment, with lid removed, is shown in 
Fig. 2, the dimensions (with lid) being 
10$ ins. x 64 ins. x 54 ins. Fig. 3 
gives the diagram of connections and 
instructions for use. The compen- 
sating condenser C, is uncalibrated ; 
it is variable in mica steps by means 
of the six-stud switch, and con- 
1 tinuously by ап ebonite-air adjust- 

LIL : able condenser connected in parallel. 
With an external resistance box for 
BUZZER R, preferably of decade dial pattern 
adjustable between 10 and 10,000 ohms 
in steps of 10 ohms, any inductance 
between one-tenth of a microhenry and 
one-tenth of a henry can be measured 
in a couple of minutes or so. All the re- 
sistances should, of course, be sensibly 
non-reactive at the frequency employed. The internal resistances 7; and rg 
-are constructed of fine Eureka wire (S.W.G. 44) wound on thin ebonite 
plates; and it is possible to purchase (for E) the non-reactive resistance 
boxes used for telephonic measurements. But Table I. shows that the more 

ordinary bifilar bobbin resistances are good enough. 


P4 


Fic. 1.—CoNNECTION SCHEME or Iw- 
DUCTANCE BRIDGE. 
For Balance: (ra + 7)Сз = 70: and 
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Fic. 2.—-INDUCTANCE BRIDGE. 
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C, = 00100 pF. С, = C, or less according to value of r. гу and го. 
are each 1, 10, 100, or 1,000 Q according to position of plugs. 


INSTRUCTIONS. 
(x) Join unknown inductance to terminals L and resistance box to terminals R. 
8, Set both plugs to M = 0°01, 0:1, 1 ог 10 according аз Lis below 100, 1,000, 
10,000, or 100,000 microhenries respectively. 
(3) Obtain silence in phones by adjusting C; (roughly, by switch); then R; 
then Са (finely, by rotary condenser) When C, and R are both finally 
. adjusted, silence should be almost perfect. Then 
L (microhenries) = M х Е (ohms). 
(4) Beware of inductance of leads to terminals L; and of induction between 
coil under test and phones, especially when M = 0°01. 
(5) Exceptionally, when г is very large, it is convenient to plug та to a value 
less than rı. 
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Fic. 3.--Імрустахсе BRIDGE. 
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Taste I. 
Inductances measured by the bridge, using for R -— 
(а) Paul non-reactive decade resistance box; 
(b) “ Megger ? decade resistance box. : 


Microhenries. 
By (a). By (b). 
97 9:9 
176 17:7 
554 554 
5,150 5,140 
47,500 47,400 


Simple, 7.е., not bifilar, bobbin resistances of 10, 100 and 1,000 ohms were 
also found to be satisfactory. A cheap resistance box (for R) made up 
with such bobbins is shown in Fig. 4. In a subsequent improvement a 
twelfth stud was added to each dial—a great convenience in balancing at 
values of R with which otherwise a change of + one stud would not be 
possible on each dial (z.g., on the hundreds dial if R = 8050). 

The first bridge set up having been constructed with independently 
measured * capacity and resistances, two coils were measured on the bridge 
and at the National Physical Laboratory. The values obtained are shown 
in Table II. 


Taste II. 
Microhenries. 
O NPL. | ве 
82:8 83:2 
1,064 1,051 


CAPACITY BRIDGE. 


The method adopted for measuring capacities was that of a simple Wien 
bridge comparison between the unknown capacity and a variable known 
capacity, with resistance ratio arms, buzzer for generator, and telephone for 
detector, as in. Fig. 5. Except when there is a leakage defect, wireless 
condensers present sensibly pure capacity in such a bridge. "There is there- 
fore a single condition for balance, and the frequency is not involved ; viz. 

С/С" = ВК 

In order to measure unknown capacities which are smaller than the 
minimum capacity of the calibrated condenser С”, and at the same time to 
correct for stray capacities which are perceptible when the unknown con- 
denser is small (¢.g., a few micromicrofarads), the capacity C is madé up of 
the unknown condenser (when connected) plus an uncalibrated fixed mica con- 
denser and small adjustable air condenser in parallel within the instrument. 


* At the Signals Experimental Establishment, without any refinements. 


Fic. 4.—Resistance Box. 
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Fic. 6.—Capacity BRIDGE. 
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The bridge is balanced before and after 
finally connecting the unknown con- 
denser, which is thus measured by the. 
difference (С, — С.) between the two. 
readings of О”. Thesmallinternal adjust- 
able air condenser, referred to as the zero: 
adjusting condenser, is provided to save 
mental effort by making C, assume a: 
value (such as 100 micromicrofarads). 
convenient for subtraction from Cy. ` 

A photograph of the bridge, exclusive. 
of the external calibrated condenser С”, 
is reproduced in Fig. 6. The overall 
4 dimensions аге approximately the same 
qr» as those of theinductance bridge (Fig. 2). 
En Fig. 7 shows the actual connections 
Ы ~ ара values adopted in the instrument, 
| together with the instructions for use. 
la} | It will be seen that two resistance ratios. 
are provided, 1 : 1 and 10 : 1. | 

The external adjustable calibrated. 
condenser C’ may be of any pattern’ 
and size. The bridge was primarily designed for use with an air condenser 
of high quality (by H. W. Sullivan) with scale calibrated in micromicrofarads. 
between about 70 and 1,200. Capacities between 2 and 11,000 micromicro- 
farads are then measurable with great ease and rapidity. A testimonial at 
once to the precision with which the balance can be observed, and to the 
constancy of good mica-wax condensers and of the Sullivan adjustable air 
condenser, is provided by Table III. Measurements of three mica-wax 
condensers were made with the bridge independently on different occasions. 
separated by considerable intervals of time, and gave the fairly close results. 
shown in the Table. 
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Fic. 5.—CoNNECTION SCHEME OF 
Capacity BRIDGE. 


Tase ПІ. 
Micromicrofarads. ` Months 
$$ of 
First measurement. | Second measurement. interval. 
5,250 5,270 1 
415 418 10 
409 | 409 10 


It may be suggested that the measurement at low frequency of condensers. 
destined for high frequencies might lead to error or confusion. But it must 
be remembered that air capacities do not depend on frequency at all, and 
that mica capacities vary only very slightly indeed over the range of fre-. 
quencies we are concerned with. Н. L. Curtis * found for mica that changing 


* Electrical Review and Western Electrician, 1911. 
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ZERO 
ADJUSTING 
CONDENSER 


KNOWN 
CONDENSER 


UNKNOWN 
CONDENSER 


INSTRUCTIONS FOR USE. 


9 Set ratio switch to a multiplier suitable for capacity to be measured. 

(2) Connect the earthy or case terminal of unknown condenser, leaving the 

other dis. 

(3) Set the known condenser to any convenient capacity C; (such as 100 

' micromicrofarads) and balance for silence in phones by means of Ше“ 
zero adjusting condenser. 

(4) Connect other terminal of unknown condenser (without much disarrange- 
ment of leads) and rebalance by moving known condenser to 
capacity Со. 

(5) The capacity of unknown condenser is then (Оз — С1) ог 10(C5 — 01), 
according to ratio switch. 

N.B.—Always observe the distinction between the earthy (case or 
frame) terminal and the other terminal of unknown and known 
condensers. 


Fic. 7.—Capaciry BRIDGE, 


the frequency from 12 to 1,200 periods per second altered the capacity by 
.only some 0:07 per cent.; and the present writer's measurements with a 
mica-wax condenser show that a change from buzzer frequency to 6 x 10$ 
-periods per second was accompanied by a change in capacity of certainly 
less than 1 per cent. It may be added that Curtis also found that changing 
-the P.D. of a mica condenser between nearly zero and 50 volts altered the 
«capacity by only about 0:1 per cent. 
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The Diffraction of the Field by a Cylinder 
and its Effect on Directive Reception on 
Board a Ship. 

By Commandant RENE MESNY. 
(Continued from page 540.) 
IL—APPLICATION TO SHIPS. 


9. General Formula for the Deviation of the Radiogoniometric 
Bearings taken on a Ship.—Let us now examine the deviation to which 
an observation made with a radiogoniometer on board a ship is subjected. 
Since the frame aerials used are of small dimensions, we may assume that 
the field is uniform over their area, and so we need only examine the field 
at their centre. 

It has been shown elsewhere that a field in quadrature with the main field 
can be compensated, and will not produce any appreciable deviation if the 
ratio between the field in quadrature and the main field is less than one- 
twentieth. ; 

Hence we can examine the deviation by combining the wave field H’ with 
the inphase disturbing field Y,, and by calculating the angle 8 between H’ 
and their resultant. Fig. 5 shows the fields H’ and Y, in the plane yz, taking 
account of the conventions of sign defined above, the 2 axis being parallel 
to the axis of the ship. 


AHEAD 


Fic. 5. 


Hence for the deviation of the field H’ from the resultant, 1.е., if 
$ = (observed azimuth — true azimuth), we find by projecting Н and Y, on 
the normal to their resultant 

sind + m?cos 20 . cos ó . sin($ — 8) = 0 
m? cos 20 sin 2p 
—-———2—— X аа srar 5. (l 
whence tan д 5 Г ni cos 20 cost d (16) 


e 
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10. Radiogoniometer on the Ship's Axis.—If the apparatus is on the 
ship’s axis 0 = 0, and we may write the preceding equation іп the form 


m? : . 

Ета рате рутон, е. > oœ (17) 
By examination of this formula we are led to the following conclusions :— 
(a) The deviation is independent of the wavelength. 

' (b) It takes а quadrantal form, with maxima at bearings of 45°, 135°, 225°, 

and 315°. 

(c) The observed bearing is always nearer the axis than the true bearing. 
(4) The slope of the curve is greater athwartships than in a fore-and-aft 
direction. i 


11. Tests.—The above paragraphs (a), (b) and (c) agree well with obser- 
vations ; it is known that the deviation is only dependent on the wavelength 
when it is less than three times the length of the ship—in which case the . 
theoretical results are evidently no longer applicable. 

With a view to verifying equation (17) quantitatively Table I. below has 
been prepared, giving the following particulars, all lengths being in metres. 


tanó — 


L = maximum length of the vessel. 

| = maximum width of the vessel. 

€ — maximum depth of the vessel. 

| = width of vessel at the point where the radiogoniometer is fitted. 
c' — depth of vessel at the point where the radiogoniometer is fitted. 

h = height of the centre of the radiogoniometer above the upper deck. 
d = distance of the radiogoniometer from the stern. 


Pm = mean radius of the section of the ship at the place where the 
radiogoniometer is fitted. 


A = the maximum observed deviation. — . 
A’ = the maximum deviation calculated from p, and h. 


ра = the radius of the imaginary cylinder which would produce the 
same deviation as the ship, calculated from equation (17) by 
means of m and A. 


TABLE І. 


| 
Name of Vessel. | Г l с гр е h Pm A’ A Po d 


——— | ee | ee | eee | ES |——— | —u—uá | A | —M LM fT 


Leonce Raynaud | 35 | 6| 3:0] 60| 30 
Ditto . „| 35| Go] 30| Bo} 35 

Dunois . „| 738 | 85| 68] 85] 68] 5-75 | 3:80 | 45°} 5°0° | 4°15 | 30 
Ditto . „| 78] 85| 68| ст 34 7 

Gloire. . | 140 | 20°2 | 135 | 160 | 13:5 | 3:50 | 5°90 | 10°7° | 11°0° | 6°10 | rr 

Paris . . | 165 |270 | 160 | 14°5 | 14:0| 350| 710| 12:0? | 909 | 4:60 | 19 
Ditto . „1 165 | 27:0 | 16:0 | 25:0 | 16:0 | 10 00 | 10:20| бо? | 8? | 14:00 | 55 
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The agreement between A and А” on the one hand, and between р, and 
ра On the other is as close as could be expected in the cases of the figures 
printed in heavy type. For the others the differences are rather large, but 
they nevertheless suffice to establish the principles upon which the formula 
is based. It may be noted also that the discordant results in the case of 
the Dunois and the first deviation readings of the Paris occur with 
the radiogoniometer very close to the stern, and that in the case of the second 
reading of the Paris the radiogoniometer was on a cabin of rather large 
size, of which no account has been taken. Further, in these three cases 
the apparatus was only 3—4 metres away from large metallic bodies 
(superstructure, masts, turrets). 

Finally paragraph (b) is again verified by the deviations of the Leonce 
Raynaud. These deviations are set out by the points marked in Fig. 6. - 
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Fic. 6.—DeviaTION Совукв OF THE ‘ І.комсе RAYNAUD." 


: m? sin 2ф 
Full line curve :—tand = — 2 + m? + mcos 2ф 


Dotted curve :—tand = 7°5°sin 2$. 


The full curve on this diagram is the curve given by equation (17) and the 
dotted curve that given Бу tan 8 = — А sin 29. It is seen that the former 
agrees better with the observations as a whole than does the latter. 

12. Variation of the Deviation with the Height of the Radio- 
goniometer.—The maximum deviation is given by the formula : 

nie ро 
2 lm 2p* Е ро? 
or if hi is the height of the centre of the frame above the deck 
==, ро 

Зр + 4pgh + 2h? 

From this it is evident that the maximum deviation which is obtained 
when A = 0 is 


tan А 


Amas = 18°5° 


34A 
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Of course this maximum value is only valid for waves considerably longer 
than the vessel (approximately three times). 

Table II. gives the approximate deviations that may be expected as 
functions of the height h of the centre of the frame above the deck and of 
the mean radius p, of the hull of the vessel at the point where the radio- 
goniometer is fitted—the radius p,, being taken as one-fourth of the sum of 


the width and depth of the vessel. 


TABLE П. 


Heights h in metres. 


Pm 
Metres. I 2 3 5 IO 20 30 
2:5 14557 7:69 54 зо? pr em == 
470 12:69 10:3? 8? 5:1? 2:2? — — 
бо 15:0? 12:4? 10:32 T3 37 1-59 Беда 
10:0 16°3° 14°5° 12:89 то: 30 6:3? 370° UD 


13. Radiogoniometer in other Positions.—For these cases we must 
apply equation (16) which only differs from the one corresponding to the case 
with the apparatus on the axis in that the term m? is multiplied by cos 20. 
Therefore if we assume that the bulwarks do not introduce any disturbances 
in the phenomenon studied, there should only be a diminution of the 
deviation. 

On the other hand the quadrature field X,Y, (see section 7) which 
disappears on the axis will no longer be zero, and the compensation will be 
modified. It has been shown elsewhere that the component of the quadra- 
ture field which gives rise to the compensation is the one normal to the 
principal field. Therefore neglecting Y, (which is small compared with X3), 
it is obviously given by 


X, сов ф = TO (%) sin 0. віп?ф. cos ф. 


The curve of this function is again of the quadrantal form, but it is much 
flatter for ф = 0° or 180? than for ф = 90° or 270°. For the two former 
values of ¢ it is even tangent to the axis of the bearings of the transmitter. 

No results are available of observations taken on such installations, but 
the curves in Fig. 9, which will be dealt with in section 15, provide a 
confirmation of the preceding facts. 


14. The Effective Height of a Ship Antenna.—In section 8 it was 
shown that the vertical electric field of the ship was equal to (рор) 
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when the wave field was 1. It therefore adds to this latter and gives the 
same resultant as would an increase of the effective height. Thus the hull 
participates with the aerial in the work of reception whatever the direction 
of the incoming wave. Let us examine the magnitude of this effect. 

Let A B, Fig. 7, represent the downleads of an antenna, of which we may 
suppose the whole of the capacity to be concentrated in a horizontal part 
situated at B. Its effective height, taking account of the wave field only, 
wil be equal to A B, but to this field, assumed equal to unity, must be 


Fic. 7. 


added at each point, the field due to the ship, which equals (pọ/p)?. This is 
the same as if we added its mean value throughout the whole height of the 
antenna. This mean value, putting A B = 5, is 


1 Py th 
а аа dp = pa 
118) Poth 


The mean field acting on the aerial is therefore 


1 Ро 
+ Pot ^ 


or in another form, the effective height of the antenna is multiplied by the 


factor (1 + E T л) А 


This increase is far from being negligible particularly for torpedo boats 
or submarines with very low aerials. 

We may therefore state the following proposition :— 

To obtain the effective height of a ship’s aerial for reception, the height h 
above the upper deck calculated by the usual methods, must be multiplied 
by the factor 


1 Po 
* pod A 


where p, is one-fourth of the sum of the width and the depth of the vessel. 
2А2 
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III.—APPLICATIONS TO DIRECTION FINDERS ON HILLS. 


15. Analogies with the “ Cylinder" Problem.— Some results obtained 
with Direction Finding stations installed on hills have already been published. 
The most interesting are those relative to the Ile des Sanguinaires in Corsica. 
The map of this island which lies in a N.E.—S.W. direction is given in Fig. 8. 
It has an almost rectilinear summit at an altitude varying slightly around 
75 metres. | 


NORTHERN SLOPE 333“ 


SEMAPHORE GOM NASE 


/RADIOCONIOMETER 70м 
|А ` 


TOWER 253° а“ 


SOUTHERN SLOPE 170° 
Fic. 8.--МАР or THE ILE pres SANGUINAIRES (Corsica). 
The lower diagram shows the location of the radiogoniometer. 


The comparison of this case with that of a semi-cylinder is obviously 
impossible, and the problem of this form of obstacle must be treated separately. 
Nevertheless it is felt that certain analogies exist between the two questions, 
and this feeling is fully confirmed by an examination of the turves in Fig. 9. 


(а) The deviation is quadrantal. 
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Fic. 9.—DEVIATION CURVES FOR THE ILE DES SANGUINAIRES. 


(b) It is zero along the axis, and across the island. 

(c) The slope of the curve is steeper at the zero corresponding to bear- 
ings across the island, than for those in the neighbourhood of the 
axis. 

(4) And finally the curve of the disturbing field in quadrature with the 
main field confirms the prediction of section 13. It is quadrantal 
and becomes tangential to the axis of the true bearings in the 
direction of the axis of island. 


16. Variation of the Field in the Neighbourhood of the Summit.— 
The second sketch in Fig. 8 gives details of the mounting of the direction 
finder on the crest of the island. It is installed on a small elliptic а 
which had been prepared during the war for the mounting of a battery ; 
was not placed exactly at the centre of this small plateau, but as the 1. 
was entirely on the crest, the radiogoniometer may be regarded as being 
very close to the vertical plane passing through the mean summit line. 

If in the absence of a better analysis we seek to extend the conclusions 
of the preceding investigation to this actual case, we might suppose @ to be 
very small and the disturbing field in quadrature to be negligible. This is, 
however, far from being the case. 

Among the hypotheses to which this statement might give rise the following 
seems the most plausible: 

On the summit of a hill with steep sides, the field at a point varies rapidly 
as the point moves over relatively short distances (a few metres only). It 
will thus be possible in a restricted space to find sites possessing very different 
properties for the installation of the Direction Finding station. 
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SPECIAL EDITORIAL NOTICE. 


In view of the greater convenience for indexing and reference 
purposes of technical periodicals which have their volumes running 
concurrently with the year, it has been decided to extend the present 
volume of the ** Radio Review" to December next. Volume II. will 
therefore commence with the January, 1921, issue. The publication 
of the classified index to the Abstracts in the current volume will 
therefore be held over to the early part of next year. 


The Power required for Long Distance 
Transmission. 


By THE EDITOR. 


In referring to the wavelength at which a transmitting aerial is working 
it is customary to take as a basis of reference the wavelength corresponding 
to the fundamental frequency of the aerial, t.e., with all tuning coils cut out. 
As we showed in our last issue, however, there is another characteristic 
wavelength, namely that at which the total effective resistance is a minimum. 
At this wavelength the dielectric losses are twice as great as the radiated 
power. In this article we propose to show the importance of this wave- 
length in all calculations of the efficiency of radio transmission. 

Assuming the aerial to have a large upper capacity and to be radiating at 
a wavelength very large compared with the height, we have for the radiated 
power 

h? . 
Praa = 1:584 5: I? kilowatts 
where І is the root-mean-square current in amperes. The electric field 
strength at a distant point of the earth’s surface is given by the formula 
4л h 


I е 
= +. S. – €s. units 


10 Ла 


h I 
= 1207 5 d volts per cm. 


where d is the distance in centimetres. This is the theoretical value on the 
assumption that the earth is a plane perfect conductor and that the atmo- 
sphere is a perfect dielectric of infinite extent. 

Now the power supplied to any receiving station by the electromagnetic 
waves is proportional to E?, and to be able to read the signals through 
atmospheric disturbances it is necessary that the value of E at the receiving 
station should exceed a certain value. This is not much affected by the size 
of aerial and degree of amplification employed since these factors influence 
the loudness of both signals and atmospheric noises. We are neglecting 
here any secondary differences due to directive effects, etc. 
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Putting D for the distance in kilometres, we have 


| 14400. 72 h? I? 


Е? = —109 "xpi (E — volts per cm.) 


and therefore 


Рад _ 1:584 . 1010 И kilowatts 
E? | 14400 . 7? ` (watts per amy) 
= 1-11 . 105 . D? 
If P is the total power supplied to the transmitting aerial, the ratio of P aa 
to P may be called the efficiency of the aerial and we may write 
P, 
P 
We shall assume here that the theoretical formula just established is brought 
into agreement with experimental results by the introduction of the Austin- 
Cohen exponential factor. The formula then becomes 


P D? о x 
ўв = 111.109.7—. сеща 
where D and A are both in kilometres. 

L. W. Austin found that to give readable signals at Brant Rock when 
receiving from U.S. cruisers, it was necessary to have a received current 
of 40 microamperes set up in the antenna which had a total effective resistance 
of 25 ohms and an effective height of about 200 feet. То produce a current 
of 40. 10-*amperes in 25 ohms requires an electromotive force of 0-001 volt, 
which divided by the effective height of the aerial gives a field strength of 
1:64. 107 volts per centimetre. 

Inserting this value of E in the above formula we get 


2 M 
Р —3.10-*. т | e? CPI kilowatts. 


To ensure a reliable commercial service under all conditions a considerable 
factor of safety should be introduced. Assuming a factor of 5, the formula 
becomes 

D2 


Р = 15 . 10-°. z қ g BDI VA kilowatts. 


This gives an electric field strength E at the receiving station of 0-37 micro- 
volt per cm. 

We shall now consider more closely the value of the efficiency 1 of the 
transmitting aerial. Let B be the ratio of the conductor resistance Ry of 
the aerial-earth system, which we assume to be constant for all wavelengths, 
to the minimum value Ву of the total effective resistance; then 


га: = BRin = В( Вы + Ram T Rm) 


where Ram and R,m are the dielectric and radiation resistances, respectively, 
at the wavelength А, for which the total effective resistance Ва is a minimum. 
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Since, at this wavelength, Ram = 2R,m, we have 
and don == Rin 5 mt 


Since the dielectric resistance is directly proportional to A, whilst the 
radiation resistance is inversely proportional to А?, we have 


R = PRm + 2yRrm + ра 
сър а фина) 
А 


where —— =y. 


Àm 


Of this total resistance R, the only useful part is that representing the 
radiation, viz. :— 


Rin 1-8 
В, y Fan Зу? 
Непсе 


1 
Table I. below gives the calculated values of 1/y for various values of 
В and y. These values are plotted in Fig. 1 for В = 0-1, 0:3, and 0-5. 
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TABLE І. 
1 


aerial efficiency 


: 
= 


TABLE II. 


Power in kilowatts for D = 1,000 kilometres. 


Oe 
——— 


2-5 


————— 1|---------------- 3 o—————O M | ——ÓÓÓM—9 | ———————————— | ———————— | ——À———————————— dJ-———————Ó—————M—— 


5-0 


10-0 
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These figures are very striking; they show that if a warship with an 
aerial for which Àm = 1,000 metres transmits at a wavelength of 3,000 metres, 
Jess than 2 per cent. of the energy actually supplied to the aerial is radiated, 
the remaining 98 per cent. being dissipated in aerial losses, whereas at a 
wavelength of 1,000 metres 30 per cent. may be radiated. 

If the values of B and у are known the corresponding value of у can Бе 
substituted in the formula established above for the power P which must be 
supplied to the transmitting aerial. It is seen that P depends only on 
В, y, D, and А. We have calculated P for five values of D, viz., 1,000, 
2,000, 3,000, 5,000 and 10,000 kilometres, for two values of B, viz., 0-1 and 
0-5, for six values of y, viz., 0:5, 0-75, 1-0, 2-0, 3-0 and 5-0, and for five values 
of Am, viz., 0-5, 1-0, 2-5, 5-0 and 10-0 kilometres. The actual wavelength 
in any case is equal to yA. 

The values of the power Р іп kilowatts are given in the Tables II. to VI., 
and 5s Figs. 2 to 6. The curves have only been plotted for one value of В, 
viz. B = 0-1. 


Тавік ІП, 


Power іп kilowatts for D = 2,000 kilometres. 


у = 0:5 |у = 0°75 


i 
——————— —————— l————————————— | —————————————— 


13,000 | 2,200 980 445 | 475 695 
19,500 | 3,800 | 1,765 100 660 875 
125 80 15 110 225 
215 145 120 155 285 

| | 
10 9 16 ol 84-5 
17 16 255 44 106-5 


SS | кекке... GE | RR, RN Sef 


SEPT. 1920. НОМЕ: Lonc Distance Transmission 603 


AERIAL KILOWATTS 


7 
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T 5 200} 
о 
He iL 
и REB NP 
AAA TA V] yV huso т ТИИ Д СЕ О ТЕ ПЕ А ГА ЕЕ 
ПИ ағ» muu&EEEErEEE 
itt AL И А 4 9-72 H4-- MS 
a A VE TA YY ALLLLLELLEZLEL 
қиыс” 47// к 
ТУНАН ox 
COA BE 
пет г UA 
4 5 6 о г 2 8 4 5 6 
y РА 
Fic. 2. Fic. 3. 
D = 1,000 kilometres; 8 = 0'1. D = 2,000 kilometres; В = 0:1. 
Тавік IV. 
Power in kilowatts for D — 3,000 kilometres. 
A 8 |y=05|y=075| y=1 | y=2 | y=3 | у-5 
0-5 0-1 — — 155,000 | 20,000 | 12,200 | 10,450 
0-5 — — 280,000 | 31,750 | 17,200 | 13,150 


— ————— | S |. | | |-------- —————— 


10 0-1 62,000 | 8,825 | 3,650 1,480 | 1,410 1,950 
0-5 93,000 | 15,300 | 6,575 | 2,260 | 1,990 | 2,450 


——————— {л p—M——— | ---------------- 
— ————X | —M———————— I иа 


0-1 560 195 135 140 210 445 
25 05 | 840 340 | 240 220 | 295 560 
0-1 54 98-5 95 49-5 | 725 | 9115 
9:0 0-5 81 50 45 67-5 |1025 | 9655 
0-1 10 7-5 8 18-5 | 405 195 
100 | o5 | 15 | 125 | м | 29 575 | 160 
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TABLE V. 
Power in kilowatts for D = 5,000 kilometres. 


| 
B у--05(|у--075| у-і y=2 | y=3 | y=5 
0-1 — — -- | 275,000 | 125,000 | 78,500 
0-5 -- — -- 435,000 | 177,000 | 99,000 
— (— RERUM PEN NOME ——  — — —— —M 
0-1 330,000| 43,500 | 16,600 | 5,600 5,200 6,800 
0-5 495,000! 75,500 | 30,000 | 8,800 7,350 8,550 


5:0 


10-0 


_ M —Óagá—M | —— nae — Ó———M— f o —MÓ——M — ——— ES | MÀ ана 


6,650 | 1,770 | 1,010 
10,000 | 3,085 | 1,820 


------------------ |——— ————— |——— 


405 180 145 | 195 385 805 
610 315 260 : 310 475 1,010 


AERIAL KILOWATTS 


Fic. 4. Fic. 5. 
D = 3,000 kilometres; В = 6'1. D = 5,000 kilometres; В = 0:1. 


SEPT. 1920. HOWE: Lone Distance Transmission 605 


lABLE VI. 
Power in kilowatts for D — 10,000 kilometres. 


An 8 scm у--2 у = 8 
2-5 0:1 — — — 1,915,000 
0-5 — — 2,410,000 


0-1 — 365,000 202,500 


5.0 156,500 
0-5 — 580,000 286,000 


210,000 


{А ÁREA eg ere 


66,500 22,350 20,750 
120,000 35,300 29,400 


27,250 


10-0 34,300 


It must be remembered that these figures are based upon the Austin-Cohen 
exponential factor, which is of uncertain application for distances greater 
than about 5,000 kilometres, and for wavelengths exceeding about 10 kilo- 
metres. We shall return to this aspect of the subject in our next number. 
Of less importance are the assumptions as to the constancy of the conductor 
tesistance, and of the power-factor of the dielectric losses of the aerial. 


AERIAL KILOWATTS 


D = 10,000 kilometres; 8 = 0°1. 


The tables and curves bring out clearly the enormous saving of power 
which can be obtained by using aerials with high values of А, that is with 
such small dielectric lossts that the minimum total effective resistance is 
reached at long wavelengths. 

Many of the very high values of P given in the tables are quite imprac- 
ticable, since they could only be attained at impossibly high aerial voltages. 
They are given, however, to show the relation of the power actually employed 
to that which would be necessary to give signals of the assumed strength. 
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For a given aerial and therefore a given value of Àm, there is always a 
wavelength A = yA, at which the power necessary for a given distance is a 
minimum. At longer wavelengths the inefficiency of the aerial more than 
counteracts the improved transmission. Table VII. shows the power P in 
kilowatts for various distances with aerials of different values of А, on the 
assumption that the wavelength is always chosen to require the minimum 
value of P, and that B = 0'1. The wavelength is also given in each case. 


Тавік VII. 
The optimum wavelength in kilometres and the minimum power in kilo- 


watts required to give 0°37 microvolts per cm. assuming the Austin-Cohen 
exponential factor. 


D Ха = 05 ММ-і | Ay = 25 An = 5 Ха = 10 

kms A P | x P х | Р А P À P 

1,000| 05 | 35 1091 0-9 |17507 | 9.5 | 0-134 | 50! 0-076 
2000| 1-15) 430 1151 70 12419: 140 | 2-7 75| 1d 

3,000 | 2-5 |10,500| 25| 1,400 |85| 117 | 5-0 25 8-5 | 73 

5,000; — | — | 6-0| 75,000 | 7-0 5,100| 8-75] 770 192-5 | 150 
10,000; — | — |—| — | —|] — | 25 | 157,000 30 920,000 


These results are shown in Fig. 7 where the ordinates represent the 
logarithm of the power P in kilowatts. The actual values of P are indicated 
in the right-hand side of the figure. In Fig. 8 1001, P is plotted against 
log D. If the power varied with the distance according to the law 

= mD”, we should have log P = log m + т logD and the curves of 
Fig. 8 would be straight lines. The slope of the curves gives the value of 
the index n, which is not a constant; its value at several points is 
indicated in Fig. 8. х 

The limiting factor in the amount of power which can be supplied to a given 
aerial is the voltage of the aerial at which, even if the insulators do not fail, 
the losses due to discharge from the wires increase very rapidly. This 
limiting voltage will depend on the size of wire employed and on the design 
of the insulators, etc., but for large well constructed aerials will probably be 
in the neighbourhood of 100,000 volts. 

Since І = 2nfVC where C is in farads 

I in amperes 
and У in volts 


А IX 
V = 0:58 C = 90 


where C" is in milli-microfarads 
and A in kilometres. 


we have 


kilovolts approximately. 
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KILOMETRES 


Fic. 7. 


P is the power supplied to the aerial assuming the wavelength 
to have its optimum value in every case. 


For example, if C’ = 12 milli-microfarads 
== 11 kilometres 
and І = 200 amperes 


y = 053 Ы — 97 kilovolts. 
Since the power P in kilowatts is equal to I?#/1,000, where Ris the total 
1,000 P 
effective resistance at the working wavelength, J = cp and 


AX [P ,. 
V=17 aay | p kilovolts. 


It is therefore a simple matter to see whether any power P can be supplied. 
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gt a given wavelength to an aerial of known capacity and resistance without 
exceeding the permissible voltage. Conversely, from the formula 
P= C?V2R 
~ 980? 
one can calculate the power corresponding to a given value of V. For 
example, if C’ = 12 milli-microfarads, V = 100 kilovolts, R = 3-75 ohms 
and A = 11 kilometres (these values apply approximately to the San Paolo, 
Rome, aerial) we have as the maximum power 


144 x 104 x 3-75 ; 
PS — 980 x 121 160 kilowatts. 

Hence in some cases it may be inadvisable to work at the optimum wave- 
Jength given in Table VII. and one may be compelled to use a shorter wave- 
length and consequently more power than that given in Table VII. in order 
£o keep the aerial voltage within the prescribed limits. 


kilowatts 
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Review of Radio Literature. 
1. Articles and Patents. 


748. Ом THE ELECTRICAL CHARACTERISTICS oF Low AnTENNÆ. R. Jaeger. 
(Fahrbuch Zeitschrift fiir drahtlose Telegraphie, 15, pp. 318—321, 
April, 1920.) 

The electrical characteristics of high antenne are on the whole fairly constant and not 
affected to any great extent by the condition of the weather. This is not the case with cable 
antenne lying on the ground and thus measurements of the usual characteristics, e.g., natural 
wavelength, decrement and capacity, must be made for different ground conditions. This 
has been done for a variety of earth antennz and also for certain types of low aerials. The 
natural wavelength was measured by joining the two ends of the cable through a coil possessing 
a small inductance and exciting the completed circuit with a Telefunken buzzer wavemeter. 
Resonance was detected by a loosely coupled aperiodic detector circuit. The decrement 
was determined by an oscillating valve method due to Brandes. The main result of the 
measurements is to show that an enormous increase in decrement is experienced during and 
shortly after rain. The natural wavelength and capacity are also altered in such cases. The 
decrement of a polished copper earth antenna on dry ground was greater than that of a 
corresponding insulated cable antenna but was smaller when laid on brushwood-covered earth. 

A summary of the main results is given in the accompanying table :— 


Natural Wave- А 
Type of Antenna. Wave- posu length Gar с Weather. 
length. (metres) Ls 


—————— | | | “ЕА 


Two-legged Cable Antenna . 255 0-133 700 500—600 | Dry. 
255 0-329 300 500—600 | Dry. 
255 0-245 700 500—600 | Wet. 
255 0-640 300 500—600 | Very wet. 


———— | c |. | ------------------ 


T-Cable Antenna . Я , 300 0-150 700 600 Dry. 
300 0-366 300 600 Dry. 
Low Antenna (Height 2m.) . — 0-077 700 — Dry. 
— 0-150 300 — Dry. 
Two-legged Bare Copper — 0-215 700 345 On dry ground, 
Antenna. — 0-141 547 225 On brushwood. 


x 


749. Гнвокү or ANTENNA Resistance. W. H. Eccles. (Electrician, 84, 
p. 370, April 2nd, 1920. Technical Review, 6, p. 467, May 25th, 1920 
—Abstract. Science Abstracts, 23B, pp. 277—278, Abstract No. 547, 
May 31st, 1920—Abstract.) 


The author quotes Heaviside's theory dealing with the manner in which the Faraday lines 
3 В 
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attached to the electric charges move up and down the antenna so that a fraction of the moving 
lines is detached at each oscillation. 

The total current 7 in the antenna is assumed to be divided into two portions 4 and j, the 
former being devoted to heating the conductors of the aerial and the latter being concerned 
with the radiation. The ratio j/I may be taken to vary approximately as the first power of the 
oscillation frequency f, that is 3/1 = af, from which it is shown that the total power expended 
in the aerial circuit may be written as 

P= т + тј? 
= {r—2raf + (r+ m) ef} І? 
The quantity within the brackets therefore represents the antenna resistance, and this is 
shown to have a minimum value of rm/(r + т) when af= r/(r + m). 

The values given by this equation have béen found to agree fairly well with measurements 

made on aerials, and with the variation of the antenna resistance with the wavelength. 


750. ALTERNATING CuRRENT Worx witH REFERENCE TO THE THREE- 
ELECTRODE Уліме. R.C. Clinker. (Wireless World, 8, pp. 30—32, 
April 3rd, 1920; pp. 67—68, April 17th, 1920; pp. 102—104, 
May Ist, 1920. Technical Review, 6, p. 507, June 8th; and p. 549, 
June 22nd, 1920—Abstract.) 
The author treats of several of the usual types of wireless circuits by means of vector algebra 
and equations of the type customarily employed for ordinary alternating current problems. 
Various coupled valve circuits are included. 


751. THE Окі Errecr AND Fiux DISTRIBUTION or CONDUCTORS IN 
PROXIMITY TO InoN. A. Press. (Physical Review, 15, pp. 450—453, 
May, 1920.) 

The author describes some experiments tending to prove that the flux distribution and 
therefore the skin effect of conductors in iron slots or in proximity to iron approximates very 
closely to the distribution and skin effect for the same conductors in free air. The solutions 
previously obtained for windings in air both for low and high frequencies are therefore also 
applicable to these cases. 


752. UNILATERAL CONDUCTIVITY ім Crystats. Е. Streintz and A. Wesely 
(Physikalische Zeitschrift, 21, pp. 42—50, January 15th, 1920. 
Elektrotechnische Zeitschrift, 41, p. доо, May 20th, 1920—Abstract. 
Science Abstracts, 234, pp. 357—358, Abstract No. 912, June 30th, 
1920—Abstract.) 

A theoretical and experimental paper supporting the view that unilateral conductivity is 
not due to electrolytic action in liquid films, but is due to the presence of gas films. It is not 
clear, however, how the gas film causes the unilateral conductivity. 


753. DampeD OsciLLaTions ім CoupLep Circuits. С. В. Ehrenborg. 
(Technical Review, 6, pp. 264, 467 and 506, March 16th, May 25th, 
June 8th, 1920—Abstracts. Science Abstracts, 23a, рр. 356—357, 
Abstract No. 910, June 30th, 1920—Abstract.) 


See Rapio REVIEW, І, pp. 220—224, February, 1920; pp. 329—336, April, 1920; pp. 375 
—380, Мау 1920, for the original article. 


754. Клото Tuninc Circuits, (Everyday Engineering Magazine, 9, pp. 160 
161, May, 1920.) 
Treats of radio circuits from the view-point of ordinary alternating current reactance and 
impedance formule. 


755. DIFFICULTIES IN THE TRANSMISSION AND RECEPTION OF SUSTAINED Waves. М. Wien. 
(Science Abstracts, 238, p. 111, Abstract No. 211, February, 1920—Abstract.) 
See Rapio Review Abstract No. 271, April, 1920. 
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756. THe DrsiGN or POULSEN Arc CONVERTERS FOR RADIOTELEGRAPHY. L. Е. Fuller. 
(Science Abstracts, 238, p. 66, Abstract No. 133, January, 1920—Abstract. L’ Elettro- 
tecnica, 7, рр. 189—191, April 15th, 1920—Abstract.) 

See Rapio Review Abstract No. 398, June, 1920. 


757. ON THE SELF-INDUCTANCE OF SINGLE Layer Frat Corrs. S. Butterworth. (Science 
Abstracts, 234, р. 164, Abstract No. 435—Abstract. Revue Générale de ? Électricité, 7, 
p- 164D, May 22nd, 1920—Abstract.) 
See Rapio Review Abstract No. 400, June, 1920. 


758. ON THE PHENOMENA PRODUCED BY THE INTERRUPTION OF A STEADY CURRENT IN AN 
OscirLATORY Circuit. С. Zickner. (Sczence Abstracts, 238, p. 197, Abstract No. 392, 
April, 1920—Abstract.) 
‘See Rapio Review Abstract No. 270, April, 1920. 


759. THE CALCULATION OF THE SELF-INDUCTANCE OF RECTANGULAR Fiat Corrs. А. Esau. 
(Science Abstracts, 23^, p. 164, Abstract No. 434, March, 1920—Abstract.) 
See Rapio Review, 1, Abstract No. 272, April, 1920. 


760. PRINCIPLES OF RADIO TRANSMISSION AND RECEPTION WITH ANTENNZ AND COIL AERIALS, 
J. H. Dellinger. (Science Abstracts, 238, pp. 65—66, Abstract No. 132, January, 1920 
—Abstract. Scientific American, 122, p. 669, July 19th, 19g20—Abstract.) 

See RApio Review Abstract No. 399, June, 1920. 


761. ON THE THEORY OF RADIOTELEGRAPHIC AND RADIOTELEPHONIC RECEIVER CIRCUITS. 
J. Е. J. Bethenod. (Science Abstracts, 238, p. 66, Abstract No. 134, January, 1920— 
Abstract.) 

See Каро Review Abstract No. 398, June, 1920. 


762. DETERMINATION OF RATE or DE-1ONISATION OF ELECTRIC Arc Vapour. H.G. Cordes, 
(Science Abstracts, 23А, p. 94, Abstract No. 254, February, 1920—Abstract.) 
See Rapio Review Abstract No. 397, June, 1920. 


763. THERMO-COUPLES FOR ELECTRICAL Measurements. J. Г. Weather- 
wax. (British Patent 139486, February 25th, 1920. Convention date, 
February 27th, 1919. Patent not yet accepted but open to inspec- 
tion.) 

Thermo-couples for electrical measurement purposes are described having a heater wire of 
nickel steel and a thermo-couple constructed between wires of iron and of nickel-copper-alloy 
containing no zinc. The containing vessel is filled with an inert gas of high thermal con- 
ductivity such as hydrogen, argon, nitrogen, etc. 


764. DETERMINATION OF DISTRIBUTED CAPACITY AND INDUCTANCE OF A 
Coit. (Everyday Engineering Magazine, 7, p. 158, May, 1920.) 


The usual resonance method is described. 


765. А DIFFERENTIAL METHOD or MEASURING Capacity AND INDUCTANCE 
WITH A SENSIBILITY OF 2 X 10-8. G. Falckenberg. (Annalen der 
Physik, бі, pp. 167—172, January 15th, 1920. Science Abstracts, 
23А, p. 290, Abstract No. 745, May 31st, 1920—Abstract.) 

A thermionic valve oscillator induces current in two independent tuned oscillatory circuits, 
one of which contains the condenser or inductance under test. These two circuits are coupled 
to a common tuned tertiary circuit but in opposition so that their joint effect can be reduced 
to zero. This adjustment is then very sensitive to any variation of the capacity or inductance 
in one of the intermediate circuits. The condenser in the tertiary circuit is connected to the 
grid of a two-valve amplifier and a galvanometer is connected across a resistance in the anode 

382 


612 THE RADIO REVIEW VoL. I. 


circuit of the second valve, a battery being inserted to compensate for the steady voltage 
across this resistance. At a frequency of 11,000 with a total capacity of 2,500 cms. one could 
detect a variation of 0:02 part in a million. 


766. A New Aupio-FREQUENCY METER FoR Weak Currents. K. Wolff. 
(Jahrbuch Zeitschrift für drahtlose Telegraphie, 15, pp. 321—326, April, 
1920.) 

A compensation device of the Campbell type in which the alternating current from a source K 
(the frequency of which is to be measured) passes through the coil L, and capacity C (see Fig. 1). 
If the mutual inductance M is adjusted so that the sound in the telephone T is a minimum the 
frequency 4 is given by the equation n = 1/27 VMC. Details are given of the design of a 
compact calibrated instrument made by Seibt suitable for frequencies between 450 and 1,200 
per second. 
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767. MEASUREMENT AND COMPARISON OF SIGNAL INTENSITIES IN WIRELESS RECEIVERS. 
Н. de Bellescise. (Science Abstracts, 238, p. 221, Abstract No. 431, April, 1920— 
Abstract. Technical Review, 6, p. 466, May 25th, 1920—Abstract. Telegraphen- und 
Fernsprecb-Tecbnik, 9, pp. 18—19, April, 1920—Abstract. Electrical World, 76, 
р. 136, July 17th, 1920—Abstract.) 

See Клого Review Abstract No. 331, May, 1920. 


768. A METHOD ғов MEASURING VERY SMALL CAPACITIES AND INDUcTANCES. L. Pungs and 
С. Preuner. (Science Abstracts, 23A, pp. 242—243, Abstract No. 618, April, 1920— 
Abstract. Elektrotecbniscbe Zeitschrift, 41, p. 398, May 20th, 1920—Abstract.) 

See Rapiro Review Abstract No. 403, June, 1920. 


769. THE Usk or AMPLIFIERS FOR MEASURING SMALL DIFFERENCES оғ POTENTIAL. А. 
Blondel. (Science Abstracts, 238, p. 87, Abstract No. 165, February, 1920—Abstract.) 
See Rapio Review Abstract No. 186, February, 1920. 


770. THE USE оғ AMPLIFIERS FOR THE MEASUREMENT OF SMALL DIFFERENCES OF POTENTIAL. 


К. Depriester. (Science Abstracts, 23B, pp. 137—138, Abstract No. 275, March, 1920— 
Abstract.) 


See Rapro Review Abstract No. 212, March, 1920. 


771. THE New Коівтек DrcREMETER AND WaveMETER. (Electrical 
Experimenter, 7, p. 663, November, 1919.) 


An illustrated description of the apparatus together with instructions for its use.* 


* The original description of this instrument may be found in the Proceedings of tbe Institute 
of Radio Engineers, 3, pp. 29—53, March, 1915. 
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772. Propucinc Execrric Оѕспілтіомѕ. В. В. Goldschmidt. (British 
Patent 138366, January 30th, 1920. Convention date, November 18th, 


1913. Patent not yet accepted but open to inspection.) 

In the usual arrangement of quenched spark transmitters for shock excitation the oscillations 
in the primary are quenched out by the resistance of the spark gap. In the arrangement here 
described this quenching is provided by an inductively coupled energy consuming circuit, or 
by an arrangement for dissipating the energy in the form of hysteresis or eddy current losses 
in masses of metal. The characteristics of the damping circuits are chosen so that the absorp- 
tion of power is delayed until after the first maximum amplitude of the primary current. 


773. A New RanproTELEGRAPHIC Invention. (Elektrotechnische Zeitschrift, 
40, p. 569, November 6th, 1919. Revue Générale de l'Électricité, 7, 

р. 156p, May 15th, 1920—Abstract.) 
Reference is made to an apparatus due to Petersen in which the electric oscillations are 


obtained by the discharge of condensers without employing a spark gap. It is claimed that a 

good musical note may be obtained, but no technical details are given. 

774. THE Poutsen SYSTEM or КАРІОТЕГЕСКАРНҮ: History or DEVELOP- 
MENT ОЕ Авс Метнорѕ. C.F. Elwell. (Electrician, 84, pp. 596—599, 
May 28th, 1920. Science Abstracts, 23в, p. 278, Abstract No. 548, 
Мау 31st, 1920—Abstract. Technical Review, 6, p. 659, August 31d, 
1920—A bstract.) 

The history of the early work on the Poulsen arc starting from Poulsen's first discovery 
in 1902 is briefly outlined in this article, and the various stations that have been erected by the 
various companies concerned and by the author of the article are briefly mentioned including 
a more detailed and illustrated description of the plant at the Honolulu and Arlington stations. 
Reference is also made to the more recently erected installations at Horsea, Eiffel Tower, 
Lyons, Rome, Nantes and the stations at present under construction at Leafield and Cairo. 


775. A SMALL POULSEN GENERATOR FOR LasoraTory Measurements. M. Giddemeister. 
(Science Abstracts, 23A, рр. 96—97, Abstract No. 260, February, 1920—Abstract. 
Revue Générale de l’ Électricité, 7, р. 1330, April 24th, 1920—Abstract.) 

See Rapio Review Abstract No. 408, June, 1920. 

776. AN ErrcrRoN Товк TRANSMITTER OF COMPLETELY MODULATED 
Waves. L. M. Hull (Journal of tbe Washington Academy of 
Sciences, 10, pp. 316—323, June 4th, 1920. Nature, 105, pp. 624 
625, July 16th, 1920— Abstract.) 

The author describes a three-electrode valve transmitter using a low voltage alternating 
current for heating the filament, and high voltage A.C. from the same source for supplying the 
plate voltage. By this means a complete modulation of the antenna current from zero to the 
maximum is obtained at an audible frequency, thus rendering the set suitable for use with 
non-oscillating receiving circuits for at least limited ranges. A circuit diagram of the arrange- 
ment is given together with dimensions of many of the parts for a set using a 500 cycle supply 
at 150 volts. The author shows that the power output in the antenna is inversely proportional 
to the product of the antenna capacity and antenna resistance, and that therefore it may be 
difficult with a given antenna to obtain the maximum output from the tube at short wave- 
lengths if the antenna resistance is low. Іп the set referred to in the article an overall efficiency 
of 35 per cent. from the alternator terminals to the antenna was obtained, this figure 
including the filament heating losses. 

An instructive comparison is given between the wave forms of the aerial current arising 
from such a set supplied with sine wave alternating current in the plate circuit, and the wave 
form of the aerial current from a spark transmitter. For the same antenna current at a wave- 
length of 535 metres and with 500 wave-trains per second it is shown that the maximum 
voltage in the case of the spark transmitter is about thirteen times the maximum voltage 
with the modulated C.W. transmitter if the decrement of the oscillations in the case of the 
spark is о"089, from which it is at once evident that a crystal detector should give a louder 
response to signals from the spark set. 
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777. TuHErmionic Vatve Оѕспллтох Generators. E. Н. Сори. 
(British Patent, 141060, March 31st, 1920. Convention date, 
February Ist, 1918. Patent not 
yet accepted but open to in- 
spection.) 

The so-called “Colpitts” oscillation generator 
circuit is described in this specification. The 
arrangement is indicated in Fig. 2, which 
shows a single inductance L connected between 
the plate and grid of the valve in the oscillation 
circuit, the condensers C, and C, being con- 
nected in series as shown, while the leak re- 
sistance R is to ensure that the grid potential 
remains the same as that of thefilament. The | 
condenser C is merely for blocking purposes. 
For transmission purposes the aerial circuit 
may be coupled at T as indicated or alterna- ! 
tively the capacity C, may be replaced by the Fic. 2. 
aerial capacity, the filament of the valve being | 
connected to earth зо that the condenser C, forms part of the aerial circuit. 


778. EDUCATIONAL APPARATUS FOR Continuous Wave SENDING AND 
Recervine. (Telefunken Zeitung, 3, No. 18, pp. 75—77, October, 1919.) 


An illustrated description of a board with all the various valve circuits and accessories 
plainly shown and labelled. 


779. HIGH-FREQUENCY ALTERNATOR ов Arc GENERATOR? (Telefunken 
Zeitung, 4, No. 20, pp. 16—18, May, 1920.) 


An article written to show that the former method is superior to the latter. 


780. Hich Frequency Inpucror ALTERNATORS. O. Billieux. (British 
Patent 140769, March 22nd, 1920. Convention date, November 22nd, 
1017; and British Patent 140773, March 22nd, 1920. Convention 
date, January 24th, 1918. Patents not yet accepted but open to 
inspection.) : 

Various arrangements of high frequency alternators are described, in particular ones involv- 
ing the use of two discs rotating at equal speeds in opposite directions and provided with 
magnetic teeth interspersed with non-magnetic teeth around their periphery. A single 
homopolar winding may be provided on the stator together with an armature winding around 
the stator teeth which face the teeth of each rotating disc. Alternatively when the width of 
the teeth is equal to the width of the space between them a variable reluctance type of machine 
is obtained so that the field winding may be dispensed with and the armature winding used 
for the excitation as well as for the high frequency current. Various special arrangements of 
teeth are also described leading to modifications of the machine and in one case with the 
suppression of the stator entirely and with the use of an exciting winding mounted on one of 
the rotating discs. See also Rapio Review Abstract No. 410, June, 1920. 


781. HIGH-FREQUENCY ALTERNATORS. М. Latour. (Proceedings of the 
Institute of Radio Engineers, 8, рр. 220—237, June, 1920. Electrical 
World, 76, p. 33, June 3rd, 19g20—Abstract.) 

, Partly a reproduction of a communication presented to the Société Frangaise des 

Electriciens.* 

See also Rapio REVIEW, І, p. 491, July, 1920, where a lecture covering the same subject- 
matter has been abstracted. 


* Bulletin de la Société Francaise des Électriciens, 9, pp. 97—114, February, 1919. 
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782. MopERN RADIO TRANSMITTERS OF UNDAMPED OSCILLATIONS. С. von Arco, (Science 
Abstracts, 238, p. 163, Abstract No. 329, March, 1920—Abstract.) 
See Rapio Review Abstract No. 281, April, 1920. 


783. Нісн Frequency TELEPHONY. С. Beauvais. (La T.S.F. Moderne, 
I, рр. 4—7, April, 1920.) | ши 

The application of radio telephone transmitters to communication along telephone lines 

using high frequency carrier currents is dealt with, and in particular a method of modulation 

in which the modulating valve V, is connected in parallel with the grid condenser C of the 


oscillating valve V}. It thus replaces the grid leak by the controlled plate-filament resistance 
of the modulating valve. See Fig. 3. 


Fic. 3. 


784. MODULATION ARRANGEMENTS FOR THERMIONIC OSCILLATION GENERA- 
tors. E. H. Colpitts. (British Patent 141047, March 3oth, 1920. 
Convention date, May 8th, 1914. Patent not yet accepted but open 
to inspection.) 

In a thermionic valve oscillation generator provided with a retro-active coupling between 
the anode and the grid circuits modulation of the high frequency oscillations is arranged by 
means of a microphone coupled between the grid and filament of the valve and hence in 


parallel with the retro-active coupling. Other modifications are described whereby two or 
more valves may be used to increase the output. 


785. APPLICATION OF THERMIONIC AMPLIFIERS AS TELEPHONIC REPEATERS. 
C. Robinson and R. M. Chamney. (Institution of Post Office Electrical 
Engineers, Paper No. 76, рр. 1—128, 1919. Science Abstracts, 238, 
p- 174, Abstract No. 349, March, 1920.) 

The first of these two papers describes the work done in the British Post Office on this subject 
up to 1917. After an outline of conduction through gases the authors give details of the 
Cooper Hewitt and the Lieben magnetically controlled tubes and accounts of the Audion, 
the Lieben-Reisz relay, the Round tube, the Pliotron with particulars of tubes developed by 
the Post Office. Experimental methods and results are described. 

The second paper describes the development since 1917. After a reference to the theory of 


616 THE RADIO REVIEW Vor. г. 


ће “ hard ” tube the authors state that this type has now replaced the soft type, the pattern 
now used being that known as the French valve. Complete characteristics are given for this 
type and its performance is discussed in detail. Equations for determining the magnification 
effected are given. The determination of the best ratio for the transformers is discussed and 
particulars are supplied of the variation of the magnification with transformation ratio, with 


grid and plate voltages and with the input. 

786. TELEPHONE TRANsmiTTERS. В. Е. Miessner. (British Patent 140070, 
March 8th, 1920. Convention date, March 12th, 1919. Patent not 
yet accepted but open to inspection.) 

A microphone transmitter is described particularly adapted for use on aircraft. The 


diaphragm casing is arranged so that the diaphragm itself is equally exposed on both sides. 
Engine noises, etc., may thus be eliminated whilst speech which impinges on one side of the 


diaphragm only is transmitted. 


787. TELEPHONE КЕрвлтЕвв. М. Latour. (British Patent 140123, Sep- 
tember 5th, 1918. Convention date, September 5th, 1917. Also 
British Patent 140133, October 26th, 1918. Convention date, 
October 3rd, 1917. Patents accepted March 25th, 1920.) 

These specifications deal with three-electrode valve amplifiers for telephone lines in which 


the filament is switched on and off by a relay operated by the calling signal. Means may also 
be provided for indicating at the operators’ stations when the filament circuit of the relay has 


been opened. 


788, TRANSMITTING SvsrEM. Société le Matériel Téléphonique. (French 
Patent 500655, June 12th, 1919. Published March 2oth, 1920.) 


In a method of modulating high frequency carrier oscillations, the carrier oscillations are 
impressed symmetrically опа pair of circuits which are influenced differentially by the signal 
currents, the modulated oscillations being impressed differentially on the out-going circuits. 
For further particulars, see British Patent 130219.* 


789. WIRELESS TELEPHONY AND Каплуду Srrixes. (Wireless World, 8, 
p. 23, April 3rd, 1920.) 


An account is given of a wireless telephone network set up between London, Wellingboro’, 
Birmingham, Leicester, Derby, Rotherham and Leeds during the railway strike of September 
and October, 1919, in order to ensure a reliable means of communication between those places. 


790. An Овспилом Rapio TELEPHONE AND ТЕПЕСВАРН. (Electrical 
Experimenter, 7, pp. 908 and 954, January, 1920.) 
A panel type radio telephone set manufactured by the de Forest Radio Company is described 
and illustrated. 
791. THe Present Position or Wiretess TELEPHONY. K. Heffner. 
(Telefunken Zeitung, 3, No. 18, pp. 67—72, October, 1919.) 
A description of the methods of duplex telephony and a discussion of the relative advantages 
of wire and wireless methods. 
792. TRANSATLANTIC WIRELESS TELEPHONY. J. A. Fleming. (Annales des Postes, Télé- 
graphes et Télépbones, 9, pp. 177—178, March, 1920.) 
See Rapiro Review Abstract No. 135, January, 1920. 
793. SIMULTANEOUS TRANSMISSION AND RECEPTION IN RaDIOTELEPHONY. 
N. Marumo. (Proceedings of the Institute of Radio Engineers, 8, 
рр. 199—219, June, 1920. Electrical World, 76, p. 86, July toth, 


1920—Abstract.) 
In attacking the problem of simultaneous transmission and reception, great difficulty is 


* Rapiro Review Abstract No. 35, November, 1919. 
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experienced in excluding induction into the receiving circuit from its own transmitter. Until 
recently the only practical duplex system seems to have been that of the Marconi Company in 
which the sending and receiving stations must be several miles apart. Recently a method has 
been devised by Dr. W. Torikata and his staff in the Imperial Japanese Electro-Technical 
Laboratory, Tokyo, in which only one antenna is required. The arrangement which can also 
be adapted to “ wired wireless ” is illustrated in Fig. 4. 


A 


-— e am «в #8 wae # 


u B = 
Fic. 4. 


The antenna is of the divided branch type with a supplementary balancing coil L,” and 
absorbing circuit W for use if necessary. The sending wavelength is adjusted to one of the 
natural wavelengths of the system and the receiving wavelength to the other. The impedances 
of the three branches of the antenna circuit are adjusted (а) to minimise the current flowing in 
the receiving branch due to the sending current and (6) to make the externally received current 
as large as possible. The conditions for obtaining these desiderata are investigated mathe- 
matically, but even though the adjustments so indicated are made it is practically impossible 
to get rid of the effect of the transmitter on the receiver without the use of the balancing coil. 

Full diagrams of applications of the above circuit to combined wired wave telephony and 
telegraphy are given in which the use of a single oscillation generator for a number of stations 
is shown to be possible. 


704. DupLex WIRELESS SIGNALLING. К. Whiddington and P. P. Eckersley. 
(British Patent 134341, November 4th, 1918. Patent accepted 
November 4th, 1919.) 

The arrangement consists in providing the receiving aerial with two branches one of which 
contains a capacity and inductance to tune it to the frequency of the signal to be received and 
the other containing a capacity only so that its impedance is different to that of the first 
branch. Oscillations of frequency differing from those which it is desired to receive will then 
pass to earth by the second branch having the smaller impedance and so will not affect the 
receiver which is coupled to the inductance of the first branch, The arrangement is particularly 
applicable for preventing interference from the adjacent transmitter in duplex work.* 


ж See also Rapio Review Abstract No. 492, July, 1920, where a somewhat similar 
duplex arrangement is described. 
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795. A New Automatic TELEGRAPH. (Electrician, 85, p. 62, July 9th, 
1920.) 

A new automatic transmitting: apparatus for wireless or ordinary telegraph purposes is 
briefly described and illustrated. The apparatus is provided with a single plug and with sixty 
jacks into any one of which the plug may be inserted. Each jack is provided with a name plate 
indicating the particular signal to which it refers. To operate the apparatus the plug is 
inserted into the jack corresponding to the message that it is desired to send and a lever at 
the side is pressed down, when that message will be transmitted automatically prefixed by 
the code letter or number of the instrument. Provision is also made for the transmission of 
“5.0.5. messages. The arrangement is particularly suitable for use on aircraft and also for 
small vessels not carrying a certificated wireless operator. 


796. Vacuum Товвв. Siemens and Halske Akt.-Ges. (British Patent 
134542, October 30th, 1919. Convention date, June 21st, 1916. 
Patent not yet accepted but open to inspection.) 

In the arrangement described two intermediate electrodes are interposed between the 
filament and the plate and the valve, one of them being maintained at a negative potential 
and the other at a positive one. The suggested arrangement is indicated in Fig. 5 in which 
Е is the filament and P the plate while the zig-zag shown in end view at Съ forms one of the 
intermediate electrodes which is placed inside the second intermediate electrode Со which is 
in the form of a wire grid wound round the glass rod support A B, The plate P may also be 
mechanically supported from this glass rod frame as indicated. | 


797. Vacuum Товеѕ. G. Holst and E. Oosterhuis. (British Patent 137281, 
December 22nd, 1010. Convention date, December 31st, 1918. 
Patent not yet accepted but open to inspection.) 

It is suggested that the anode for a thermionic valve for generating oscillations should be 
made hollow so that water or gas may be circulated through the inner hollow space. An 
electric heater may also be inserted to expel gases from the material of the anode during 
exhaustion of the valve. 

798. Егествоміс AND Ionic Oscitzations ім THERMIONIC VALVES. 
G. W. O. Howe. (Technical Review, 6, p. 690, August 17th, 1920— 
Abstract.) 

See Rapio REVIEW, t, pp. 434—436, June, 1920. 


Liat 
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799. Some Notes on Vacuum Товеѕ. J. H. Morecroft. (Proceedings of 


the Institute of Radio Engineers, 8, pp. 239—260, June, 1920. Electrical 
World, 76, р. 33, July 3rd, 19g20—Abstract.) 
An attempt to reconcile the experimentally obtained characteristics of vacuum tubes with 


the general theory as developed by Langmuir, van der Bijl and others. The general expression 
for the anode current Гр of a tube is 


Ip =a (Ep + poBg + e). 

where Ер and Eg are the anode and grid voltages respectively and х, uo, € and x are constants. 
One of the factors which determine the value of e is the electronic emission velocity which, 
increasing with increase of temperature, is evidently greater for tungsten filaments than for 
oxide filaments. To find how e varied with the temperature the relation between filament 
current and anode current in a diode was obtained for zero anode voltage (the anode being 
connected to the negative end of the filament). The anode current increased rapidly with 
increase of filament temperature but was shown to be extremely small compared with the 
current obtained when the anode voltage is increased to unity. i 

The value of the exponent x has been given as $ and 2, the former a theoretically derived 
value and the latter experimentally obtained. For certain low anode voltage tubes it is shown 
that not only does the value not lie between 3 and 2 but that it also varies with the anode 
voltage, decreasing with increase of the latter. One of the principal reasons for the variation 
of the exponent is that there are different voltages between different parts of the filament and 
the anode since the large change in x does not occur if the surface emitting the electrons is an 
equipotential surface.* 

The distortion effect in an amplifier tube has been considered by van der Bijl who showed 
that for an impressed grid E.M.F. of Eg sin ol, 


2 2 

Ip =a (тЕр + Ec + €)? + 2a (тЕр + Ec + є) Egsinot + E (cos 2 ө% + 7) + “Fe. 
The third term represents distortion and may be made as small as desired by adding sufficient 
resistance in the anode circuit. As the coefficient of the third and fourth terms are the same 
and as the latter is shown on a direct current instrument in the anode circuit, the distortion 
can be determined. To do this the variation between D.C. instrument reading and impressed 
sinusoidal grid voltage was determined. The effect of adding resistance in the anode circuit 
was found to be in accordance with van der Bijl’s theoretical discussion. 

The internal capacities and conductances of a number of tubes were measured by a Wheat- 
stone bridge method. The capacities were found to depend on the connections of the electrodes 
and were found to be within the following ranges :— 


Capacity in micro-microfarads. 


Grid to filament, anode free . Я 4 . А 10-4 to 55-6 

Grid to plate, filament free А , ; : А 14-4 to 22-0 

Grid to plate and filament, these being connected to- 17-0 to 69-6 
gether. 


Only the smallest increases in these capacities were found when the filament was heated. 
lf one side of the filament is earthed the capacity of the grid-ground circuit, when the tube is 
operating with a normal amount of resistance or reactance in the anode circuit is from 5 to 10 
times as much as the geometrical capacity of this circuit, and the amount of this increase 1s 
controlled by the capacity between the grid and plate. 


рН ЕД 


* See Physical Review, 8, р. 563. 
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Some experiments on the detecting action of a tube without grid condenser seem to prove 
that the asymmetry of the grid-filament circuit plays an unimportant part in this action. 


800. On THE Тнкову or ІоміѕАТІОМ By Coxtutsion. P. O. Pedersen. 
(Yabrbucb Zeitschrift für drahtlose Telegraphie, 15, pp. 289—299, 
April, 1920. Philosophical Magazine, 40, pp. 129—137, July, 1920.) 
A theoretical discussion of the case of the ionisation produced by collision in gas between two 
parallel electrodes. Various corrections are made in the theory originally given by Townsend. 
The latter from his experiments on atmospheric air had deduced a value of 20 volts for the 
ionising potential. The same experimental results with the corrected theory yield the value of 
16 volts which is nearer the value of 10 volts obtained by Franck and Hertz by the more direct 
method. 
The main assumptions in the present treatment (originally due to N. R. Campbell who failed 
to give an exact solution) are as follows :— 
(а) An electron will produce a fresh pair of ions when colliding with a neutral molecule if 
previous to the collision its velocity v satisfies the relation 


Зе 
Е 


where e/m is the ratio of charge to mass of the electron, and V, a constant voltage for the 
particular neutral molecules. | 

(b) Collisions between electrons and molecules take place unelastically so that the velocity 
of the electron after the collision 1s zero. 

(c) The velocity of the liberated electrons is zero. 

(d) The velocity of the electrons due to the electric field is so great that the thermal 
velocities of the electrons and the molecules may be disregarded. ` 


Вот. Томтс OSCILLATIONS IN THREE-ELECTRODE THERMIONIC Varves. В. Whiddington. 
(Science Abstracts, 238, p. 69, Abstract No. 140, January, 1920—Abstract.) 
See Rapro Review Abstract No. 427, June, 1920. 


802. Tur Vacuum TUBE As A GENERATOR OF ALTERNATING CURRENT Power. J. H. More- 
croft and H. T. Friis. (Science Abstracts, 238, p. 67, Abstract No. 136, January, 1920 
—Abstract. Revue Générale de l’ Électricité, 7, p. 1980, June 19th, 1920—Abstract.) 

See Rapro Review Abstract No. 417, June, 1920. 


803. DETERMINATION OF THE OUTPUT CHARACTERISTICS OF ELECTRON TUBE GENERATORS. 
L. M. Hull. (Science Abstracts, 238, p. 111, Abstract No. 209, February, 1920— 
Abstract. артис Zeitschrift für drabtlose Telegrapbie, 16, pp. 70—71, July, 1920— 
Abstract. Electrical World, 76, p. 137, July 12th, 1920——Abstract.) 

See Rapio Review Abstract No. 420, June, 1920. 


804. AMPLIFICATION CoNsTANTS AND INTERNAL RESISTANCES OF THREE-ELECTRODE VALVES, 
J. M. Miller. (Technical Review, 6, p. 548, June 22nd, 1920—Abstract.) 
See Ravio Review, І, p. 454, Abstract No. 426, June, 1920. 


805. [THE THERMIONIC VALVE ім WIRELESS TELEGRAPHY AND TELEPHONY. 
J. A. Fleming. (Engineering, 109, p. 760, June 4th, 1920. Elec- 
trictan, 84, p. 646, June 11th, 1920—Abstract.) 

Abstract of lecture delivered at the Royal Institution on May 21st, 1920. The lecturer 
briefly reviewed the development of the two- and three-electrode valves from the early experi- 
ments on the Edison effect and led up to its modern use in wireless work. A special four- 
anode valve was also described for use as a call device in wireless reception. The four anodes 
surrounded a central filament which was heated by a battery and two of them were connected 
across a resistance of 20,000 ohms joined in the plate circuit of a detecting valve coupled 
to the receiving aerial. The remaining two anodes at right angles to the others were con- 
nected together and in series with a relay to the positive terminal of the filament heating 
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battery. When a signal is received the plate current of the detecting valve is decreased 
with the result that a current is enabled to flow to two of the anodes of the special valve 
thus operating the relay. 


806 Vacuum-TuBE Circuits. Р. Н. Boucheron. (Electrical Experimenter, 
7, pp. 1028—1029 and 1084—1086, February, 1920.) 


A resumé of a number of circuits using a three-electrode valve for reception purposes. The 
circuits considered include simple detection circuits, heterodyne regenerative circuits, com- 
bined amplifier and crystal detector, two-stage and multi-stage amplifiers, telegraph and 
telephone transmission circuits. 


807. Tue Use or AUDIONS OR THREE-ELECTRODE LAMPS DURING THE War. С. Ferrié. 
(Annales des Postes, Télégrapbes et Téléphones, 9, pp. 143—148, March, 1920.) 
See Rapio Review Abstract No. 424, June, 1920. 


808. TEcuwiQvuE or Discuarcre Товеѕ. Е. Schroter. (Elektrotechnische 
Zeitschrift, 40, pp. 685—687, December 25th, 1919. Revue Générale 


de P Électricité, 7, p. 1980, June 19th, 1920—Abstract.) 
This article deals with the use of discharge tubes containing rarefied gas as alternating 
current rectifiers. Formule are given for the current flow through such tubes and some 
practical forms are illustrated. 


809. Execrric Current Rectiriers. Siemens Schuckertwerke. (British 
Patent 142465, April 26th, 1920. Convention date, February 7th, 


1917. Patent not yet accepted but open to inspection.) 
An arrangement of a series of rectifying valves and condensers identical with that described 
in Rapio Review Abstract No. 117, January, 1920. (See also Rapio REVIEW, І, p. 264, 
February, 1920, for correction to the circuit diagram in Abstract No. 117.) 


810. Directionat WinELEss Reception. J. Robinson. (British Patent 
134342, November 4th, 1918. Patent accepted November 4th, 1919.) 


In order to avoid missing any parts of a message that may be received at a direction finding 
station when working the frame aerials (or radiogoniometer) at their minimum position in 
order to determine the direction of the incoming signal, it is suggested that the same signals 
should be picked up on a non-directive aerial and combined with that received on the directive 
aerial, so that in the minimum position of the receiving frame (or radiogoniometer) the signal 
strength does not fall to zero but is merely reduced to a minimum value. The non-directive 
aerial may for example consist of a pair of fixed coils at right angles to each other or may be 
one of a number of other arrangements described in the specification. 


$11. Півестіуе WiggLEss S1GNALLING. C. S. Franklin. (British Patent 
140538, January 17th, 1919. Patent accepted April Ist, 1920.) 

In an arrangement for directional signalling using two aerials spaced a known fraction of a 
wavelength apart each aerial is provided with its amplifying valve the grid circuit of which is 
supplied through a tuned circuit from a central control valve which generates the oscillations. 
The dynamo which supplies the control valve also feeds the amplifying valves for each aerial 
through a special wire provided for that purpose between the central station and the two 
aerials, The phase relation of the currents in the two aerials may be controlled by means of 
the tuned circuits coupling the control valve with the amplifying valves. 


312. “On THE СоміомЕТВІСс FUNCTIONS APPLICABLE TO DIRECTIVE 
Agriats.” J. B. Brady; С. W. Pickard; А. Blondel. (Radio 
Review, 1, pp. 256—258, February, 1920.) 


Correspondence relative to the paper by A. Blondel with the above title.* 


* See Rapio REVIEW, 1, рр. 1—10, October, 1919; рр. 58--56, November, 1919; pp. 110 
—123, December, 1919. 
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813. WrrELEss TELEGRAPHY IN Mopern Navication. О. Nairz. (Tele- 
funken Zeitung, 3, No. 18, pp. 60—62, October, 1919.) 


A short description of the use of directional wireless. 


814. Direction AND Position Finpinc. H. J. Round. (Telegraphen- und Fernsprech- 
Technik, 9, p. 34, May, 1920—Abstract.) 
See Каро Review Abstract No. 507, July, 1920. 


815. New Experiments on SparK RADIOTELEGRAPHIC DIRECTIVE TRANS- 


Mission. Е. Kiebitz. (Jahrbuch Zeitschrift für drahtlose Telegraphte, 
15, pp. 299—310, April, 1920.) 

An account of experiments, still in progress, on directive transmission using twin pairs of 
vertical antennz similarly excited. In the simple case, if one pair is used the maximum 
signals are received in the plane containing the two antennz while the minimum signals are 

received in a plane at right angles to this, 

midway between the antenne. A simple 

application of such directive transmission 

is in the controlling and guiding of a 

distant vessel along a particular course. 
A For such a case the direction of minimum 
transmission is most defined. 

Various further applications can be made 
of this principle if two pairs of antenne are 
used. А simple scheme is shown in Fig. 6 
in which AA represent one pair of antenne 
and NN the other, the angle between AA 
and NN being small. A convenient scheme 
N is for the two N antennz to send out the 

Morse letter “ №” and for the А antenne 

Fic. 6. to send out simultaneously the Morse letter 

* A," Thus a vessel or flying machine 

following the course hears both equally well but on deviating from the course hears one 
stronger. 

Experiments with a slight variation of this arrangement (with one antenna AN taking the 
place of the two A and N on the side of the course) have been carried out to check the utility 
of the scheme over a known course. It was found that the null point for one pair of antenna 
sending was about 30 metres broad at a distance of 33 km. (ten times the wavelength) and 
the direction about то degrees north of the actual theoretical direction. When both antenne 
were sending the signals which indicated the course were “ 12 metres broad ” at a distance of 
25 km. This corresponds to an angle of about о minutes. 


A 


816. ArwosPHERIC Execrriciry. W. Е. С. Swann. (Journal of tbe 
Franklin Institute, 188, pp. 577—606, November, 1919.) 


The author discusses various phenomena of atmospheric electricity and of atmospheric 
electric measurements including potential gradient, conductivity, etc., and discusses in con- 
siderable detail the question of the ionisation of the atmosphere, and experiments which have 
indicated that above a height of 700 metres from the earth’s surface the measured value for 
the ionisation commences to increase, until at an altitude of 9 km. the average ionisation is 
from three to four times that at the earth’s surface and is increasing very rapidly with increase 
of altitude. He therefore concludes that this ionisation at high altitudes is not due to radio- 
active material in the earth's surface but to X-rays or y rays set up by the impact of 
negatively charged particles or electrons with the gases of the upper atmosphere. This y 
radiation would have very great penetrating and ionising powers. It is further stated that the 
production of the aurora would also require the impact of electrons or charged particles having 
a speed sufficiently high for the production of this penetrating radiation. 
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817. Tue Ікмстнз or PATH ов THE NewroniAn Luminous RADIATION 
AND THE ZONES OF SILENCE IN ПлмрЕр Каро Sicnats. G. Sagnac. 
(Comptes Rendus, 170, pp. 800—803, March 29th, 1920. Revue 
Scientifique, 58, p. 222, April roth, 192c—Abstract. Bulletin de la 


Société Belge des Electriciens, 34, p. 137, July, 1920—Abstract.) 

The author refers to some extensive experiments carried out by Admiral H. B. Jackson in 
1895 in which zones of silence were observed in the case of radio transmission between three 
ships in line. From the distance between these zones of silence he deduced that the radial 
component of the speed of the earth through the ether must be of the order of 400 km. per 
second and is therefore much greater than the earth's orbital velocity and approaches the 
observed velocities of the largest stars. 


818. RApioTELEGRAPHY DURING THE SorAR Есіірве or May 29TH. (Nature, 104, pp. 323— 
324, November 20th, 1919. Science Abstracts, 23B, рр. 68—69, Abstract No. 139, 
January, 1920— Abstract.) 

See Каро Review, І, pp. 24—26, October, 1919. Also Варто Review Abstracts Nos. 302, 

April, 1920, and 364, May, 1920. 

819. WinELEss COMMUNICATION BETWEEN НоІгАМр AND Impia. (Elektro- 

technische Zeitschrift, 41, p. 439, June 3rd, 1920.) 


Some particulars are given as to the power and equipment of the installations.* 
820. А CONTRIBUTION TO THE STUDY ок SUBMARINE RADIO COMMUNICATION. 


L. Bouthillon. (Revue Générale de lÉlectricité, 7, pp. 696—700, 
Мау 2oth, 1920. Technical Review, 6, рр. 588—589, July 6th, 1920 
—Abstract.) 

A brief resumé is first given of previous work and of publications dealing with loop and other 
aerial arrangements for radio communication with submarines,t while the second part of 
the article is devoted to the theoretical consideration of the attenuation of the electromagnetic 
wave as it penetrates to various depths into sea water. The amplitude of an electromagnetic 
field at a depth 2 in any given medium is given by J = 1е-% where 2 is the depth and dis а 
damping coefficient for which the complete expression is given by Zenneck. The author 
shows that in the case where the material has considerable conductivity, as in the case of sea 


water, the expression for d becomes 21/4 yV m , с, Where wis 27 x the wave frequency, and 
0 is the specific conductivity of the water. Hence the wave amplitude will be reduced in the 
ratio of 1/e at a depth of 50 cms. for a wavelength of 300 metres, at a depth of 160 cms. 
for a wavelength of 3,000 metres and at a depth of 500 cms. for a wavelength of 30,000 
metres. Curves and tables are also given from which may be ascertained the equivalent 
distance of transmission over the surface of the sea at which the signal strength will be the 
same as that obtained at various depths below the surface and at various distances from the 
transmitter. These curves emphasise the great advantages of long wavelengths for such 
purposes. 

821. THE EVOLUTION oF THE Low FREQUENCY AMPLIFIER DURING THE WAR. 


H. Dubosq. (La T.S.F. Moderne, І, pp. 11—18, April, 1920; pp. 41 

--47» Мау, 1920.) 
This article traces the evolution of the low frequency amplifiers used by the French army. 
Illustrations are given of the various types together with circuit diagrams of the arrangements. 
The second part of this article deals with the amplifiers designated by 2-bis, 3-bis, the famous 
3-ter and the No. 4. Connection diagrams are given for each of these arrangements and 
photographic illustrations of the complete apparatus. A few particulars are also included 
of the windings used in inter-valve transformers. In the well-known 3-ter type of amplifier 


three valves are employed the first one of which is provided with a change-over switch so that 


* See Клото Review Abstracts No. 304, April, 1920, and No. 514, July, 1920. 
Т See for example Кар Review Abstracts No. 85, December, 1919, and No. 682, 


August, 1920. 
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it may serve either as an ordinary detecting valve with a grid condenser and leak or as a 
simple low frequency amplifying valve with an iron core input transformer. The remaining 
two valves are low frequency amplifiers with transformer couplings. The type 4 amplifier 
differs from the type 3-ter by the addition of a telephone transformer in the output circuit of 
the last valve. Both these types were arranged for either wireless reception or for earth 
current signalling. 


822. A SEPARATE Овсптатов ғов C.W. Reception. (Wireless World, 8, 
рр. 173—174, May 29th, 1920; and pp. 209—212, June 12th, 1920.) 

Constructional details are given for a simple inductively coupled separate heterodyne 
oscillator using a V.24 valve with pancake type inductances in the anode and grid circuits, 
823. Свувтат DrrEcrom. L. Bordat. (French Patent 500579, June той, 

1919. Published March 17th, 1920.) 

In a crystal detector apparatus for wireless telegraphy, the characteristic feature is that 
the parts are jointed so that the crystal carrier and the needle carrier can be arranged in any 
position in relation to each other. 

824. Crysrat Петкстов. V. J. Brochard. (French Patent 501156, Novem- 
ber 19th, 1918. Published April 6th, 1920.) 

For further particulars, see British Patent 139904.* 

825. Crystan Пкткстовв. V. J. Brochard. (British Patent 139904, 
April 2nd, 1919. Patent accepted March 18th, 1920.) 

A special construction for a totally enclosed crystal detector is desccibedd in which the whole 
detector is mounted in an insulating tube filled with a soft insulating material. 

826. Movinc Iron Recorpinc GaALvANomMETERS. H. Abraham and 
E. Bloch. (Comptes Rendus, 169, pp. 171—174, July 28th, 1919.) 

The authors describe the construction of moving iron galvanometers which may be adapted 
for use either as recording oscillographs, relays or mirror oscillographs. The special features 
are that the moving iron armature is so placed relative to the fixed magnetic field that it is 
symmetrically magnetised with respect to its axis of rotation. The control i is then obtained 
by means of a spring. The magnetic circuit for the variable currents passing through the 
windings is closed through the pole pieces and the armature without passing through the 
body of the permanent magnet. Accidental demagnetisation is thus avoided. A sensitiveness 
of from 1 to то millimetres per milliampere may be obtained. 

827. Ак Automatic Carr Device. В. Binyon. (Wireless World, 8, 
pp. 158—167, May 29th, 1920. Technical Review, 6, Р. 624, 
July 20th, 1920—Abstract.) 

Paper iei before the Wireless Society of London—see Rapio REVIEW, I, pp. aum 
June, 1920, for abstract. The full report of the discussion is also included ‘with the original 
paper, which contains illustrations of the complete apparatus and of some of its parts. 

828. RADIOTELEGRAPHIC FILTER ов Х-вторрвв. (Revue Générale de 
P Électricité, 6, p. 610, November 15%, 1919. Abstracted from the 
Journal of tbe Franklin I nstitute, 187, p. 512, 1919.) 

Various forms of apparatus aré described for eliminating atmospheric disturbance by 
acoustic resonance to the group frequency of the incoming signals. 

829. THERMIONIC Ampuiriers. H. D. Arnold. (British Patent 140829, 
March 27th, 1920. Convention date, September 3rd, 1915. Patent 
not yet accepted but open to inspection.) 

The arrangement described is designed to act as a limiter for incoming impulses so that the 


strength of disturbances is reduced to a value not exceeding that of the signals. As distinct 
from the ordinary arrangements the incoming impulses are first amplified so that as far as ` 


* Rapio Review Abstract No. 825. 
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possible uniform amplification is obtained irrespective of the voltage of the impulse. In 
Fig. 7 the valve V, acts simply as an amplifying valve and its output circuit including the 
coils L, and L,is provided with a reaction coupling L, back to the grid circuit L so as to exactly 
neutralise the natural coupling through the grid-plate capacity of the valve. У, is the detecting 
valve and the output from this valve is passed to the two low frequency amplifying valves 


x 


А 


Уз V, which are inductively coupled as shown, the amount of amplification being controlled 
by the potentiometer P. The limiting effect takes place in the last stage which includes the 
two valves V; Vg connected in opposition in the circuit L Ly. The choke coil Lọ serves to 
maintain as constant as possible the output from the battery B, while the resistance R also 
tends to limit the plate currents of these valves V; Vg. The receiving instrument T is coupled 
through the differential transformer L, L; to this last amplification stage. The limiting action 
is secured by adjustment of the voltage of B, so that the normal current that can pass through 
V; Vg is only just greater than the amplitude of the signals to be received. The receipt of a 
more powerful impulse will then cause the plate current of one valve to be reduced to zero 
while the other one cannot be increased to more than its saturation value so that the signal 
strength in T cannot increase beyond the ordinary signal strength.* 


830. THERMIONIC AMPLIFIERS. Н. D. Arnold. (British Patent 141033, 
March 24th, 1920. Convention date, March 28th, 1919. Patent not 
yet accepted but open to inspection.) 

This specification provides for an arrangement of a multi-stage triode amplifier so that the 
ratio of amplification may be varied without varying the impedance offered by the amplifier 
as a whole to the impulse to be amplified. The arrangement described is identical with that 
enclosed between the dotted lines in the centre of Fig. 7 above. The ratio of amplification 
may be varied by means of the potentiometer resistance P (of about 500,000 ohms) 
which is connected between the output of the first valve Vg and the input of the second 
valve V,. The battery B, serves to maintain the grid of V, at a negative potential so 
that the valve offers a substantially infinite impedance to incoming impulses. ‘The 
two valves may be supplied from the common Н.Т. battery В, through the choking 
inductance shown. 


831. SOME OF THE PROBLEMS OF ATMOSPHERIC ELIMINATION IN WIRELESS 

Reception. P. R. Coursey. (Wireless World, 8, pp. 191—201, 

June 12th, 1920; and pp. 225—234, June 26th, 1920. Technical 
Review, 6, p. 659, August 3rd, 1920—Abstract.) 

Paper read before the Wireless Society of London, together with verbatim report of the 
discussion—see Rapiro REVIEW, І, p. 492, July, 1920, for abstract. 


* See also Rapio Review Abstract No. 8. 
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832. Tue Use or Grounp Wires Ат Remote Controt Stations. А. Н. 
Taylor and H. Crossley. (Proceedings of the Institute of Radio 
Engineers, 8, pp. 171—192, January, 1920.) E 

The investigations of A. H. Taylor * have shown that a subterranean receiving system 
possesses many important advantages, e.g., high degree of directivity and immunity from atmo- 
spherics. By utilising this directional selectivity it has been found possible to install receiving 
stations in the immediate vicinity of transmitting systems. The installation of such “ remote ” 
control stations at Great Lakes, Norfolk and New Orleans is described. The first station may 
be taken as typical. At this station there are two transmitting antenne, the lower for spark 
working (600 to 1,500 metres) and the upper for spark (1,500 to 3,400 metres) and arc (3,000 to 
10,000 metres) working. The subterranean receiving station was built only 600 feet from the 
nearest tower of the transmitting station. The actual receiving tent was carefully covered with 
wire screening. A very small crack in the door of the screen cage would admit sufficient 
energy from the neighbouring transmitter to interfere with the reception of distant signals. 
The actual ground wires were laid as nearly as possible at right angles to the direction of the 
transmitter. There was however some small deviation from this right-angled relationship 
so that signals especially on certain wavelengths penetrated to the receiver. It was found 
possible to eliminate this by using a very small loop in series with one of the ground wires 
and placed outside the receiving tent. The loop could be rotated until minimum interference 
was obtained. 'The use of the loop was only necessary when transmitting and receiving on 
identical wavelengths. 

It was found that the electrical impulses which the ground wires pick up are not nearly as 
strong as might be expected from the close proximity of the transmitter. . This is attributed 
to the fact that the waves must travel some distance before they obtain the necessary forward 
slant which makes ground wire reception possible. 

A detailed description of the design and lay-out (including telephone connections between 
transmitting and receiving stations) of the Great Lakes station is given. 

In the discussion J. Mills emphasised the necessity for the quantitative comparison of 
receiving stations with reference to their efficiency in reducing the effects of strays and inter- 
fering signals. A rough outline of such a method was also given. 


833. FRAME Agriats. А. Esau. (Telefunken Zeitung, 3, No. 18, pp. 51— 
59, October, 1919.) 
A description of many forms of frame aerials, small portable ones, collapsible ones, and 
large ones supported on masts; their advantages and special characteristics are discussed. 


834. AERIALS: Поргкх SicNALLING. H. J. J. M. de R. de Bellescize. 
(French Patent 501428, November 7th, 1918. Published April 14th, 
1020.) 
This specification describes a system of duplex wireless telegraphy. For further parti- 
culars, see British Patent 136524.T 


835. AERIALS FOR WIRELESS SIGNALLING. J. H. Rogers. (British Patent 
137511, November 20th, 1919. Convention date, January roth, 1919. 
Patent accepted March 11th, 1920.) 

An arrangement of aerial is described as being suitable for use on a submarine. Two wires 
are stretched out longitudinally above the vessel one running forward and the other aft, and 
are led in through insulators in the conning tower. The ends of the wires are connected to the 
hull of the vessel at each end, and a tuning condenser is inserted between the adjacent ends of 
the wires inside the vessel so as to form a loop aerial which may be connected to the trans- 
mitting and receiving apparatus іп the usual manner.1 


Ж See Rapio Review Abstracts No. 149, January, 1920, and No. 313, April, 1920. 
T Rapiro Review Abstract No. 493, July, 1920. 
і See also Rapio Review Abstract No. 85, December, 1919. 
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836. ELECTRICAL ENGINEERING IN I919—WIRELESS TELEGRAPHY AND 
TELEPHONY. (Engineer, 129, p. 9, January 2nd, 1920.) 
A very brief resumé of the chief lines of radio progress during 1919. 


837. THE Rome Rapio STATION oF THE Iranian Navy. С. Е. Elwell. 
(Proceedings of the Institute of Radio Engineers, 8, pp. 193—198, June, 
1920.) 
Describes in detail the arc station at Rome built rapidly during the war to cope with traffic 
from Italy to America and to the Italian colonies in Africa. 
The following is a brief summary of the details :—Range of station 4,200 miles; antenna 
of triangular type 714 feet high ; antenna capacity o-or1 mfd. ; arc generator rated at 200 kW. 
(250 amperes at 800 volts). 


838. THE German IMPERIAL Wirevess Networx. (Telefunken Zeitung, 
4, No. 20, pp. 15—16, May, 1920. Also Electrician, 83, p. 114, 
July 23rd, 1920—Abstract.) 
Particulars are given of the German network of radio stations with a map showing those in 
use and those under construction. 


839. Tur INTERNAL AND INTERNATIONAL ORGANISATION AND DEVELOP- 
MENT OF GERMAN WIRELESS IN Өніррімс. Е. Н. Quiring. (Tele- 
funken Zeitung, 4, No. 20, pp. 23—34, May, 1920.) 


An abstract from a thesis for the doctor degree. 


840. THE RADIOTELEGRAPHIC STATION AT Rome (San Paoro). В. Micchiardi, С. Pession, 
and С. Vallauri. (L Elettrotecnica, 7, pp. 218—224, May 5th, 1920, and pp. 241—244, 
May 15th, 1920; and also Editorial Notes on pp. 217 and 237. Also Electrical World, 
75, р. 1207, Мау 22nd, 192o—Abstract.) 
See Abstract No. 538, July, 1920, where a translation of this article has already been 
abstracted. 


841. THe Wirevess STATION AT Warsaw. (La T.S.F. Moderne, І, pp. 7— 
11, April, 1920.) 
A short illustrated description giving details of the 12 kW. Telefunken station captured from 
the Germans by the Polish Army. 


842. FRENCH Rapio STATION TO HAVE 13,000-MILE Rance. (Electrical 
Experimenter, 7, p. 110, March, 1920.) 
A few brief notes relative to the Bordeaux station. боо kW. is to be provided in the 
antenna and the station is to be capable of sending 72,000 words per day. 


843. УАІУЕ RapioTELEcRAPHIC Stations. С. Gutton. (La T.S.F. 
Moderne, 1, pp. 32—40, May, 1920.) 

This article deals with the arrangement of simple valve transmitting and receiving stations. 
For transmitting two valves are employed connected in parallel with an ordinary arrange- 
ment of inductive reaction coupling. For receiving a three-valve arrangement is described 
with inductive coupling to the aerial circuit, the first valve acting as detector and the other 
two as low frequency amplifiers. The complete connection scheme for the whole station is 
given and simple methods of adjusting the apparatus for wavelength, power, etc., are also 
dealt with. The station described is similar to arrangements developed in the French military 
radiotelegraphic laboratories. 


844. INDucrANcEs. К. Е. Gowen. (British Patent 141344, April Ist, 1920. 
Convention date, April 4th, 1919. Patent not yet accepted but open 
to inspection.) 

This specification covers the construction of inductances with spaced windings similar to the 


so-called“ honeycomb ” pattern of coil. This construction reduces the self capacity of the 
winding. 
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845. THE Construction or Honeycoms Inpuctancrs.* Н. В. Moore. 
(Electrical Experimenter, 7, p. 1160, March, 1920.) 
The construction of a simple machine for winding these coils is described. 


846. Naven. E. Quack. (Telefunken Zeitung, 3, No. 17, рр. 20—26, 
August, 1919.) 


A general illustrated description of the rise and development of Nauen Wireless Station. 


847. NAUEN DURING THE Wan. B. Schuchardt. (Telefunken: Zeitung, 3, 
No. 17, pp. 27—29, August, 1919.) 
A popular account of the development of Nauen during the war. 
848. THe Nauen Towers. Е. Brückerbohm. (Telefunken Zeitung, 3, 
No. 17, pp. 51—60, August, 1919.) 


A well-illustrated descriptive article. 


849. THe Erection or THE New Buitpines or tHe NAUEN STATION 
DURING THE War. H. Rabes. (Telefunken Zeitung, 3, No. 17, 
pp. 46—50, August, 1919.) 


A well-illustrated descriptive article. 


850. VARIABLE Inpuctance. Н. P. Donle. (U.S. Patent 1332453, 
December 15th, 1917. Patent granted March 2nd, 1920.) 

The arrangement described provides for the means of moving two coils relative to one 
another so as to vary their mutual inductance, and a switch to automatically change the 
connections so that the windings assist or óppose one another in order to obtain a continuous 
range of variation of the inductance of the whole. 


851. THe Distant Controt or ELECTRICAL Apparatus. Chauveau. 
(Bulletin Officiel de la Direction des Recherches et Inventions, No. 3, 
рр. 179—186, January, 1920. Revue Générale de l'Électricité, 7, 
p. 1560, May 15th, 1920—Abstract.) 


An electrical apparatus suitable for control either by wire or wireless is described. 


852. THe Errect or RAREFIED ATMOSPHERE ON SPARK TRANSMITTERS. 


Е. Jentzch-Graefe. (Jahrbuch Zeitschrift fiir drahtlose Telegraphie, 
15, pp. 311—317, April, 1920.) 

Numerous reports from the German front have indicated that frequently radio-transmission 
was not possible with the earth from heights of over 6,000 metres. The problem thus presented 
has been investigated by laboratory methods using a German D type transmitter. The 
influence of an extremely low temperature was studied by maintaining the temperature of 
the transmitter and complete valve receiver at — 40? C. The wavelength and decrement of 
the transmitter were unaltered and only small variations were noted in the amplifier battery 
voltage. The influence of the reduction in pressure was next studied, the spark gap being 
enclosed in a chamber from which the air could be pumped. — The relation between antenna 
current and pressure was determined. It was found that the antenna current very gradually 
diminished until the pressure was 360 mm. below normal, but that between this pressure 
and 430 mm. below normal the current dropped rapidly (e.g., in one case from 0:62 amps. to 
o'i amps.) For pressures lower than this the antenna current remained extremely small 
resulting of course in weak radiation. The pressures mentioned, 360 mm. to 430 mm. below 
normal, correspond to heights of 5,500 metres to 6,500 metres. 


853. Is WIRELESS TELEGRAPHY SUITABLE AS A MEANS or COMMUNICATION 
IN LARGE Evecrric Power Distrisution Systems? G. Schmidt. 


(Telegrapben- und Fernsprech-Technik, 9, pp. 16—17, April, 1920.) 


A discussion of the advantages and disadvantages of wireless as compared with ordinary 
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line telephony. He finally recommends the use of the overhead power lines as guides for what 
would otherwise be a wireless telephone system. 


854. MULTIPLEX TELEPHONY AND TELEGRAPHY WITH OPEN-cIRCUIT BARE 
Wires. С. O. Squier. (Fournal of the Franklin Institute, 189, pp. 693— 
714, June, 1920. Electrician, 84, pp. 641—643, June 11th, 1920— 
Abstract. Times Engineering Supplement, No. 547, p. 173, May, 1920— 
Abstract. Electrical Review, 86, p. 592, May 7th; pp. 710—711, 
June 4th, 1920—Abstract. Electrical World, 75, p. 1020, May Ist, 
1920—Abstract. Telegraph and Telephone Age, 38, pp. 384—390, 
July 16th, 1920, and pp. 417—420, August Ist, 1920—Abstract. 
Wireless Age, 7, pp. 20—21, July, 1920—Abstract.) 

Refers to the use of high frequency alternating current for communication along bare 
wires laid in sea water. Frequencies of 600,000 and 1,000,000 have been used in experiments 
with transmitting currents up to 270 milliamps. 

For reception a triode detector and amplifier was used as a potentially operated receiver, 
leaving the usual earth connection open. 

The article also refers to a new type of radiogoniometer for determining absolute directions 
in which use is made of a long helix on which stationary waves are set up. One end of the 
helix is earthed and the point of highest potential connected to the grid of the triode detector. 


855. INTERPLANETARY  WimzrLEss. Q. Majorara. (D Elettrotecnica, 7, 
pp. 198—200, April 25th, 1920.) 


A discussion of the possibility of signals from Mars or other planets. 


856. INTERPLANETARY COMMUNICATION. С. S. Brainin. (Electrical Experi- 
menter, 7, p. 641, November, 1919.) 


Discussion of the possibilities of communication with other planets. 


857. Rapio Freouency CuRRENTs on Wires. J. O. Mauborgne. (Elec- 
trical Experimenter, 7, p. 1156, March, 1920.) 

See Клого Review Abstracts No. 565, July, 1920, and No. 175, January, 1920, for abstract 
of articles covering the same subject-matter. This particular account includes an illustra- 
tion of the apparatus used in the first ** wired-wireless ” tests in Canada in May, 1919, between 
Toronto and Hamilton over a distance of forty to forty-five miles. 


858. AMPLIFYING Apparatus. Société le Matériel Téléphonique. (french 
Patent 500654, June 12th, 1919. Published March 2oth, 1920.) 

The invention relates to apparatus for signalling at high frequency. For further particu- 

lars, see British Patent 130432.* 


2. Books: 


Leçons DE Рнузтойк Générate. By J. Chappuis and A. 
Berget. Vol. П. Electricité et Magnétisme. Revised by 
J. Chappuis and M. Lamotte. (Paris: Gauthier Villars et 
Cie. Third Edition, 1920. Pp. 623. Price 45 fr.) 

This third edition of the well-known text-book of physics has been com- 


pletely revised and rewritten by Chappuis and Lamotte. It is intended to 
cover the course followed at the Ecole Centrale des Arts et Manufactures by 


* Каро Review Abstract No. 294, April, 1920, 
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the candidates for the Licence és Science Physique. It presupposes more 
than an elementary knowledge of mathematics as the first section deals with 
potential theory and introduces partial differentials, direction cosines, 
Poisson’s equation, etc. On the descriptive and experimental side, however, 
it presupposes very little, if any, previous knowledge. It deals not only 
with pure physics but with such applications as polyphase currents and star 
and mesh connection, although, of course, such things are not considered 
at any length. There is a chapter on industrial electrical measuring instru- 
ments. 


G. W. O. H. 


WinzLEss TELEGRAPHY AND TELEPHONY: First Principles, Present 
Practice and Testing. Ву H. M. Dowsett, M.LE.E. (London: The 
Wireless Press, Ltd. 1920. Рр. xxxi. + 331. Price gs. net.) 

One feature of this book which might with advantage be copied in many 
others is the table of symbols on p. 1 which are to be used in the interpretation 
of the drawings. It would be a good thing if some international agreement 
could be reached on this subject, as it would save both time and trouble for 
those who have to deal with the voluminous literature which is now available 
in wireless telegraphy. The book opens, as a good many other books on 
this subject do nowadays, with a chapter on the nature of electricity and the 
atom. It is a good thing that the electrician of to-day should be more fully 
acquainted than his predecessors were with the nature of the forces with 
which he is dealing, but one is inclined to doubt whether any great advantage 
is to be gained by the person for whom this book is intended by a study of 
the very ingenious models which the author has devised, showing atomic 
structure. They are hardly consistent with the structure that distinguished 
physicists like Rutherford and Bohr have postulated, and though one does 
not wish to claim a monopoly of physical knowledge for the professional 
physicists, it would perhaps have been better if speculations so doubtful in 
their validity as to the form and structure of the atom had been omitted. 
The same criticism applies to the highly problematical structure of the 
ether during the process of the generation of the magnetic field. On the 
other hand, the very praiseworthy efforts made later in the book to give 
some physical conception of what really happens when electro-magnetic 
waves are “ whipped off " a radiator, is deserving of commendation. Very 
little has been written on this subject since Hertz’s original experiments, 
and the suggestion of the electrons carrying the ends of lines of electric 
force as they oscillate backwards and forwards on a radiator, and of the lines 
of force automatically, as it were, becoming detached from the oscillator 
when their ends cross gives a valuable mental picture which should help the 
student to understand what is really happening when an oscillator is pro- 
ducing a train of electric waves. One criticism should be made here which 
it is hoped will lead to correction. All the vector diagrams are shown with 
the vectors rotating clockwise. It has now been agreed by the International 
Electro-Technical Commission that the standard direction of rotation should 
be counter-clockwise, 
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The chapter on the spark discharge is very good. The methods of adjusting 
the Marconi spark discharger and the theoretical discussion of its working 
are of great interest and should be most valuable to those who are using 
this type of apparatus. There is also a description of the quenched spark 
system used by the Marconi Company, and the principles of this also are 
discussed. There is a most valuable description in the next chapter of the 
various forms of continuous wave transmitter. Not only are the well-known 
alternators. devised by Alexanderson and Goldschmidt described, but the 
high frequency generator used by the French radio engineers is explained, 
as well as the various types of static transformer frequency changers which 
have been in use at the German continuous wave stations at Nauen and 
elsewhere. The Marconi timed spark system which has been employed so 
successfully at Carnarvon is explained, and a full account given of the 25 kW. 
Marconi-Poulsen arc generator with all its improvements. 

The following chapter (V.) deals with thermionic valves; it is somewhat 
marred by a very imaginative account of the movement of secondary elec- 
trons in atoms which are interchanging electrons. The description, however, 
of the various types of valves and valve circuits is excellent. The arrange- 
ment of valve circuits to give retroaction, amplification and heterodyning 
is exceedingly full and clear, and to any one interested in the practical use 
of valves (and that nowadays includes every radio engineer), the descriptions 
will be of the greatest possible assistance. At the end of the chapter an 
account is given of valve telephone circuits and of some of the methods used 
in wireless telephony. The great merit of this part of the book is that it is 
so evidently the work of one who has had the practical handling of the 
apparatus, and who, at the same time, understands the principle of action 
of the gear with which he has to deal. Thereis a short account of high speed 
telegraph apparatus (including the Einthoven galvanometer) used for 
automatic recording. 

In the next few chapters a short account is given of the methods of 
measuring current, potential difference and resistance. In the chapter 
dealing with measurement of capacity, there is a very good description 
of the methods of finding accurately at high frequency the value of the 
capacity of the small condensers with which the wireless engineer has 
usually to deal; an equally useful chapter describes the methods of measuring 
inductance. The chapter on measurement of frequency is one of the best 
in the book. Not only are the better known methods of measuring low 
frequencies described, but the determination of high frequencies by photo- 
graphy of the spark and the method of spark counting by dictaphone are 
explained. The arrangement of the Lecher wire system for calibrating wave- 
meters and other methods of wavemeter calibration are mentioned. A very 
good account of the determination of dielectric strength is given in 
Chapter XII. including the arrangement of spherical electrodes used by the 
National Physical Laboratory and its limitations, and a useful table of spark- 
ing voltages between needle points and balls is included. The methods used 
for testing insulators and bushings are also explained. The measurement of 
decrement forms the subject of the next chapter, which is also very full and 
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Complete, and in this is contained an account of the determination of the 
decrement due to the resistance of the spark. The fact that the decrement 
in a spark circuit is not constant but increases as the spark dies away is here 
stated; a fact of great importance. Very few measurements of spark 
resistance have been published, and the subject is one that deserves further 
study. The measurement of the decrement of coupled circuits and of 
the Marconi decremeter are described, the chapter concluding with an 
account of the determination of the decrement of antenne, due to radiation, 
brushing, dielectric hysteresis, eddy currents, ohmic resistance and earth 
resistance. The last chapter deals with direction finding and the measure- 
ment of signal strength. This book is one which will prove of great value 
to every practical radio engineer, it is the work of an expert in the operation 
of wireless apparatus, and is full of information which hitherto has not been 
available in so compact and convenient a form. 


Е. W. MARCHANT. 


THE PRACTICAL ENGINEER’s ELECTRICAL Pocket Book AnD DIARY FOR 
1920. (London: The Technical:Publishing Co., Ltd. Pp. жу. + 592 
+ 56 (Diary). Price 15. 6d. net; best cloth binding 25. net.) 

This pocket book contains the usual collection of mathematical and electrical tables with 
explanatory notes arranged for handy reference, and also a number of sections each devoted 
to a particular branch of electrical work. These sections on the whole contain a quantity 
of handy and valuable information, but amongst them is one entitled “ Wireless Telegraphy,”? 
in which a very brief résumé is given of the action of a transmitter using the spark system. 
The only diagram given, however, is that of an obsolescent arrangement using a magnetic 
detector, while more modern apparatus is hardly mentioned. A statement is also noticed 
to the effect that a valve detector is connected ғи series with the oscillatory circuit. Some 
reference to more modern wireless books than those quoted would be useful in this section. 


A diary and Buyers’ Dictionary in three languages concludes the book. 
P.R.C. 


Books Received. 


INTRODUCTION А LA THECRIE DES COURANTS TELEPHONIQUES ET DE LA RADIO- 
TÉLÉGRAPHIE. Ву J. В. Pomey with a Preface by A. Blondel. (Paris: Gauthier-Villars et 
Cie., 1920. Pp. xiv + бо. Price со frs.) 

Worxine Diacrams or VarvE АмріІғҮІМС RxcrivER Circuits. By Н. W. Sullivan. 
(London: Н. W. Sullivan, 1920. Рр. 24. Price 15.) 


A New Dutch Radio Society. 


The Nederlandsch Radio Genootschap was founded on May 29th, at Amsterdam, under the 
direction of Professor G. J. Elias as chairman, and Dr. Balth van der Pol as vice-chairman. 
The Society aims to be the centre of scientific radio work in Holland. The address of the 
Society's offices is W. Barentzstraat, 8, Utrecht, the secretary being Ir. H. Nordlohne. 


Messrs. Vickers, Ltd., Broadway, London, S.W. 1, inform us that they have opened a 
depót for Wales and the south-west of England at 43, Park Street, Bristol, at which address 
they will be glad to receive enquiries for their products. 


BL. 7 ы 


Eos ғ 5 vw 


EPA 


wa 


| UNIV. ot V 


RADIO REVIEW 


A MONTHLY RECORD OF SCIENTIFIC 
PROGRESS IN RADIOTELEGRAPHY 
AND TELEPHONY 


7 um 


VoL. I OCTOBER, 1920 Nog 


Assistant Editor: 


PHILIP R. COURSEY, B.Sc, A.M.I. E. E. 


CONTENTS. 


. Inter-Electrode Tube Capacity . . A. S. BLATTERMAN 


Local Errors in Radio Direction Finding 
J. HOLLINGWORTH, M.A., and B. HOYLE, M.Sc., A.M.I.E.E. 


Elementary Method of Deducing the Effect of Resistance in Damping 


Measurement of the Field Strength | at бедного of the Annapolis 
Signals. The need for further research . . THE EDITOR 


Review of Radio Literature: 


Abstracts of Articles and Patents 
. Book Reviews 


——————— ÓÀ— 


Two Shillings and Sixpence Net 


Е Proressor С. W. О. "HOWE, D.Sc., M.LE.E. 


Regeneration and Oscillation in Vacuum Tube Circuits through 


sella tons ; P 7 " i . E. GREEN, M. Sc. í 


RM Google 


RADIO REVIEW 


VOL. I OCTOBER, 1920 NO. 13 


Regeneration and Oscillation in Vacuum 
Tube Circuits through Inter-Electrode Tube 
Capacity." 


Ву 4. S. BLATTERMAN 
(Radio Engineer, Signal Corps, U.S. Army). 


Early in 1918 the writer suggested the importance of knowledge (then 
lacking) of the effective impedance between the input electrodes of the three 
electrode vacuum tube in radio circuits, and preliminary measurements made 
at these laboratories} showed that the nature and value of this impedance 
was materially influenced by the load in the plate or output circuit of the 
tube. Because of the urgency of other work at that time the problem was 
outlined to the National Bureau of Standards Radio Laboratory and assigned 
to them by the Signal Corps for investigation. Dr. Miller’s paper entitled 
“Тһе Dependance of the Input Impedance of a Three Electrode Vacuum 
Tube upon the Load in the Plate Circuit,” f covered the results of this investi- 
gation and was the first published demonstration of the exact nature and 
magnitude of the effects taking place within the tube circuits. Since this 
paper has appeared other authors, notably Nichols$ and Ballantine,| have 
treated the same subject and the importance of the inter-electrodic capacities 
of the vacuum tube and of the load in its plate circuit when used for recep- 
tion has been well formulated. 

It is the purpose of the present paper to present the matter in a more 
direct and simple way than has heretofore been done, showing the effects of 
the different types of loads in the plate circuit of a tube and the conditions 
necessary for regenerative action and self-oscillation. It will also be shown 


* Received July 3rd, 1920. 

t Measurements made by Lieutenant M. C. Batsel and Lieutenant Austin Bailey. 

I Bureau of Standards 8сгепиһс Paper No. 351, November 21st, 1919. Ranro Review, 
Abstract No. 416, June, 1920. 

S Н. W. Nichols, “Тһе Audion as a Circuit Element” (Physical Review, 13, p. 404, 
1919). See also Rapro Review Abstract No. 928 (in this issue). 

|| S. Ballantine, ** On the Input Impedance of the Thermionic Amplifier ” (Physical Review, 
15, рр. 409—420, May, 1920), Клро Review Abstract No. 925 (in this issue). 
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that the impedance of the input or supply circuit wherefrom the grid 
receives its excitation is of great importance, a circumstance not pointed 
out previously. 

It is now well known that an electromotive force E, acting between the 
grid and filament of a three electrode tube causes a current to flow in the 
plate circuit thereof whose phase with reference to E, depends upon the 
characteristics of the plate circuit impedance. If this latter is purely resistive 
the plate current and grid voltage are in phase; if inductive, the current 
lags; and for capacitive loading the plate current leads the grid voltage. It 
is also well known that the grid voltage E, can be exactly replaced, as far as 
effects in the plate circuit are concerned, by a voltage p times as great acting 
within the tube between the plate and filament electrodes. The tube has 
essentially three capacities within its structure, that between its grid and 
filament, that between grid and plate, and that between filament and plate. 
We have to consider these capacities with reference to the operating voltages, 
namely E, and the fictitious voltage ҺЕ, and may thus combine the grid- 


filament capacity with the impedance of the input circuit Z, and the plate- 
filament capacity with the impedance of the load or output circuit Z, (see 
Fig.1). The capacity C,, between grid and plate thus becomes the only one 
which is unique. It has common connection between the input or grid side 
of the tube and the output or plate side, and any reaction of the output on 
the input must take place through it. The particular matter which it is 
desired to investigate is the effect of the impedance Z; and Z, upon regenera- 
tion effects or oscillation of the circuits. 

Regardless of the circuital arrangement of Z,, be it a single simple reaction 
unit or a complex network, it can be always resolved into an equivalent 
impedance comprising series resistance R, and reactance X,, and in general 
therefore it is only necessary to consider the load as so constituted. We 
have at once, in vector notation, the plate current as 


Ro Ee en De is d scu a 
” (Rot ER) 3X, 


in which Hy, is assumed as the reference vector. R, is the tube resistance 
between plate and filament, as usual. 
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This current develops a reaction voltage across Z,.equal to 
Ez = — (Е, + 2Х,)1, 
R, + 3X 
= — uE; TB p V : = 4 ж 2 
н B+ 8) +I, C " 
which is impressed on circuit 1, 2, 3, 4 and 5 at points (1) and (5). In 
practical cases the input circuit of impedance Z, like the output circuit 
impedance Z, may be constituted in any one of several different forms. It 
may be generically a high resistance, a large inductance or a capacity, as in 
resistance, inductance or capacity coupled amplifiers, or it may comprise an 
equivalent series combination or resistance and reactance. In general, it 
must be considered as an impedance (А, + j.X;). 

The voltage Е, therefore experiences an impedance comprising capacity 
С, and the supply circuit (Ry + JX) in series. Thus the current produced 
by E; is 
| | ОРОН 

Ry n 4X, zs l1/oC,,) R X 
n T 2 n я (3) 


нЕ, (Ву F ЫТЫ + ЛХ, — Wen) `` 
We see at once that this current develops a voltage across the input im- 

pedance Z,, and the voltage so developed, appearing as it does between the 
grid and filament electrodes, combines with the original input voltage E, 
either favourably for regeneration and oscillation or in opposition when the 
action is a counter feedback. The impedance 2; of the supply circuit, since 
it gives rise to the feedback voltage, is of fundamental importance therefore.. 
The equation for this voltage is obviously 
Е; = ЦВ, + 3X9) | | 
Ex DE (R, T 2Х,) (Е, t 2Х,) 

oa [Ао + By) 4-2X,] [Bo + до — оС.) ] 
_ ug, аЛ) (e + jd) 

Colet (c+ > 
(—acte + abcf + bede—bdf — bc? — beef — abed — adef ) 


2. (4 


m (ec + OP (c + е) (5 
2 TEI (сёе Ме + acde — abdf — abc? —acef + bed 4-bdef ) 
> (eo БИЕ (be + d) 
wherein а = R, d = X, 
= X, e = Ro + Ё, 
e — Р, f = X,— lleC, 


This expression (D) comprises a real and an imaginary term. Theimaginary 
term denotes a voltage acting in time quadrature to the input voltage E, 
since this, or rather u times it, was taken as our reference vector. The 
real term denotes a voltage either in phase or in exact opposition to E; 


depending upon whether its sign is positive or negative. The action is 
i 352 
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counter feedback if the real part of (5) is negative. It is regenerative and 
favourable for the production of oscillations if the real term is positive. We 
have at once, therefore, the condition for regenerative action in the general 
case as ж. i 

abcf + bede > aec? + b*df + be +- beef + abed + adef . . (6) 

Any situation wherein the conditions do not satisfy this relation will 
either result in the absorption of energy or be critical between absorbing 
and regenerating action. 

There are nine regenerate cases of importance as arising in the design of 
receiving and amplifying circuits, wherein control of the regenerative feature 
is desirable and knowledge of the regenerative conditions important. These 
different cases correspond to arrangements where the supply circuit im- 
pedance Z; is essentially either resistive, inductive or capacitive, and the 
output impedance Z, is also either a resistance, an inductance or a capacity. 


Case 1.—2; = Resistance. 4, = Resistance. See Fig. 2. 


ог 


Fic. 2 (b). 


This corresponds to the case of the resistance coupled amplifier, Fig. 2 (а), 
or to arrangements using tuned circuit input or output as in Fig. 2 (b). 

In the latter arrangement under this case it is assumed that the adjust- 
ments of the circuits LrC are for resonance or isochronism or close to these 
so that the impedance between such points as (2) and (3) is virtually resistive. 
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It is desirable to point out here that when such a circuit is tuned so that 
coL = 1100 the impedance of the parallel combination is not purely resistive, 
but comprises an effective resistance, 


1 L 
Е. = UO . е e . . А . . e (7) 


in series with an effective capacity reactance. 


X= —le0 .. ......... (8 


The combination becomes the equivalent of pure resistance at a frequenc 
: 24 р q y 
slightly greater than that producing resonance, namely when 


1l 2 
AA ———Ó 


HR RN 
е 202122 +. r402 ee an ae ee ee (10) 
Х,= 0 


The isochronous frequency of the circuit is still different from either of 
the above frequencies and is given by 


qm 
N M & GRO xoc & o ЛІК) 


The circuit is again the equivalent of a resistance and reactance in series 
whose values are readily calculable but approximate those of (7) and (8). : 
A few calculations will show at once that for most practical circuits the 
reactance component in either the tuned or the isochronous adjustment is 
small compared with the effective resistance, and in all cases to be here 
considered the impedance can be sufficiently well represented by a resistance 
of value 


and it 1s then 


1 L 2 
Re eas e? Cy =" Cr . (12) 
In the inequality (6) we have to put for Z; — resistance, Z, — resistance 
b= 0 = 0 f= -—1l[leC, 


and get 
0 > RR (Re T E) 
This is an impossibility, and we see, therefore, that no feedback is possible 
with plain resistance in input and output. 
Case 2.--2; = Resistance. Z = Inductance. 
For this condition а = 0, b = wL, d = 0, e = Ry, f = — об, and 
(6) becomes 
wl „Соу < Ry ...... . . (13) 
This indicates that regenerative action may be secured in a circuit having a 


resistance input and inductive load on the plate and specifies the conditions when 
such action occurs. 
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Case 3.—Z, = Resistance. Zo = Capacity. 
For this condition a — 0, b = — ПоС,4--0,6-- Ry, f —— Шоб, 
and (6) becomes "T 2 
g 
Uem "TIE E 220.0; 
an impossibility, showing no regeneration with capacity load and resistance 
input. 
Case 4.—Z; = Inductance. Z, = Resistance. 
b = 0, с = 0, d = wly, e= Ry +R, f=ol,— Шоб, 
(6) becomes | 
w° LGR Cm + Во" Со < В, + Ro 
wLa Ll ...... . (14) 
Regeneration is possible and occurs when this condition (14) is satisfied. 
Case 5.—Z; = Inductance. 4, = Inductance. 
a=0, b= wL, c=0, d-—oL, e= В, f= wl; —l[eC, 
(6) becomes 
eU li. wo асы xo (15) 
as the condition under which regeneration occurs. 
Case 6.--2, = Inductance. Z, = Capacity. 
а= 0, b=— Шоб, с--0, d=ol, е= В, f-—oL—lleC, 
(6) becomes 


о,0,<1.......... (16) 


Отава are therefore possible іп this case and under the same conditions 
as (14) and (15). The form of the inequalities (14), (15) and (16) indicates 
that the reactance of the grid-plate capacity C, must exceed that of the 
input grid inductance Ly. 

Case 7.--2; = Capacity. 2, = Resistance. 

1 1 
а = Rp и-0с-0 d = — 1/ш0,, e = Ro +k, f= "eO; әб, 


(6) becomes 


EU ( ) (6 : ) 
Versa no te) T o PO 

This is an impossible condition, and no regenerative feedback can therefore 
occur when the input impedance is capacity and the load resistive. 

Case 8.--2, = Capacity. Z, = Inductance, 
a=0, b= oL, c=0, d=— Поб, e= В, f—5————— 
(6) becomes 

cL ( 1 1 ) 

Sem wl, No, T «С, 
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which is obviously impossible so that no regeneration 1s possible with capacitive 
input and inductive load. 
Case 9.--2, = Capacity. Z, = Capacity. 
mum! 1 1 1 
а = 0, b = = — = = - ----- = = --- eee ------ 
оО, C 0, d а Ср е Ко f 


(6) now becomes 


1 1 1 ^1 
d o al, (се; REUS 
and regeneration is impossible, therefore, when the input and load impedance 
are both constituted as capacitances. 


SUMMARY OF CASES WHERE FEEDBACK Occuns. 


Of the above nine cases, only four present arrangements where regenerative 
feedback can take place. These are tabulated below with the necessary 
conditions for the existence of such feedback. 


: Condition f ti 
Zinput. Zoutput. опа! рег es ive 
Resistance = Ry Inductance = L, ЗІ, С, < Во 
Inductance = L, Inductance = L, о?2 С « 1 
Inductance = Ly Resistance = R, APL Cy <1 
Inductance = Ly Capacity = С, а? LO, < 1 


ананар —— ——À 


CONDITIONS FOR Maximum FEEDBACK. 


The condition for maximum feedback effect can be determined in any 
general case from (5) by noting that the real part of the latter expression 
must then be maximum. The condition is determined as usual by equating 
the first derivative to zero, and solving the resulting equation for the variable 
used in the differentiation. It is useful to examine the four special regenera- 
tive cases presented above in this way. 

Case A.—Z; = Resistance. 40 = Inductance. 

Applying the differentiation to the real part of (5), under consideration 
that the variable is the plate circuit reactance (= wL, = b), and solving, 
we get as value of this reactance giving maximum feedback 


(f? + 0%) + V eX? + с) + 72072 3 e ?— 36) 
2 Se е7 ee За)” | : (17) 


wL, = ез = Ros e LÀ Ф LÀ e % . е ө е Ф е . е Ф % (18) 
wherein с is the bracketed expression, and f, с, and e have the significance 


b = wL, = 


or 
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given above as 
1 
f = = oC. C= R, е = Ro 
It is evident that this optimum value of wLp depends very materially upon 
the ratio of f to c, that is of the reactance of the grid-plate capacity to the 
supply circuit resistance. If we let f = ke the value of с can be written as 
a function of А 
(k + 1) + (I5 + 1) + (+ ID) (2 — 3) 
gue та)  —— — +: (19) 


EBEN NE 
ТРЕЕ 
IN 
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BEES сина 
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ЗА 

SELLE LEES Е 
SETA Spr Erreur 
ESAE IE TEES 
9 0 


VALUE OF В 
Fic. 3.—Conpirions ror Maximum FEEDBACK. 


For oscillation о Г,/ << Ry where k = a. 
9 


In Fig. 3 this function is shown graphically for values of k from 0 to 15, 
and gives at once in terms of Ry the value of plate circuit reactance required 
for maximum feedback. It will be noted that (19) is double valued. Only 
those values are plotted which fall within the feedback condition. When 
k = 1, that is 1/wCm = Вр the value of ар for maximum regeneration is 
just equal to the tube resistance Ry. This case is critical and does not feed 
back. A smaller value of cL, must, therefore, be used and the maximum 
feedback indicated cannot quite be obtained. 

It has been pointed out that the real part of (5) is proportional to the 
feedback voltage. The value of this component has been calculated for 
different values of plate circuit load for the present case of resistance in the 
grid and inductance in the plate, and plotted in Figs. 4 and 5. The plate 
resistance is taken as 20,000 ohms, which corresponds to the standard Signal 
Corps type УТ-1 receiving vacuum tube. As parameter is used the important 
ratio k of 1/00 to Ry. Fig. 4 is drawn for several cases where 1/00, is less 
than Вр as for high frequencies, while Fig. 5 shows the conditions for 1/wCm 
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greater than В, as for low frequencies. The largest feedbacks are obtained 
when По Ст and R, are in the neighbourhood of equality with one another. 


E, 


o 
4 


FEEDBACK VOLTAGE y 
9 

VERE оа 

М0 


гечи шин) 


PLATE. "CIRCUIT REACTANCE oL, OHMS 


Fic. 4.—FEEpBACK VorTAcEs wirH УТ-1 Tuse. 
Cases for 00, < В, k= 20 Ry = 20,000 ohms. 
For regeneration © Dp mE, < В. 


The range of plate circuit load о Гр over which feedback occurs, increases in 
general with increase in the ratio of 1/00 to Ry. 
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Fic. 5.—FEEDBACK VoLTAGES wiru ҮТ-1 Tuse. 


Cases for 1/oUm > В. k= 5 Р, = 20,000 ohms 
For regeneration КЕ, „С„В) < Е,. 
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Case B.—Z; = Inductance. Z, = Inductance. 
In this case the feedback voltage (being the real part of (5) ) becomes 


Р 624 
E, итар: Uh e e о о oœ (20) 
where b=ol,,d=wl,,e= Ry, f = (oL, -55) —-d—f,f-— a 
(20) can be put into the form (21) 
j b? 
E, шш -- FUSE ЖЫ 455 . p. Eg . о 424 ò >œ (21) 
ва (1 — Z) 


It is evident that the ratio of f' to d is important as regards the magnitude 


150,000 


50000 100,000 
PLATE CIRCUIT REACTANCE onns. 


Fic. 6. — Frerpsack Vorraces wiTH УТ-1 Tuse. 
,Plate Circuit Reactance = œLp or 1/eC, ohms. 
R,*= 20,000 ohms. For Regeneration eL; << 1/oCm. 


of feedback voltage. By (15), however, d must always exceed f' or the 
reaction will be counter-feedback. For all regenerative values of the ratio 
f'id the feedback voltage increases with the plate circuit loading oL, ( = 0). 
On Fig. 6 is plotted the feedback voltage Р, as calculated from (21) for 
different values of f’/d and b. The curves resemble the magnetisation curves 
of iron in shape. The feedback voltage quickly approaches a limiting value 
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and is not greatly increased by increasing the plate reactance beyond a 
certain point. For these calculations Ry was taken as 20,000 ohms corre- 
sponding to the VT-1 tube. 


Case C.—Z; = Inductance. Z, = Resistance. 
The feedback voltage (real part of (D) ) in this case is 


, ad a 
E, "теди" 


This is plotted on Fig. 7 for the УТ-1 tube (Ry = 20,000 ohms) as function 
of Rp and with f'/d as parameter. Itis seen that the feedback can be increased 
by either increasing the plate load Вр or the grid supply circuit reactance wLy. 


ТЕБЕ а 


FEEDBACK VOLTAGE 


150,000 


50000 100,000 
PLATE RESISTANCE Rp онм5 


Fic. 7.--Еккрваск VoLrAcrs with VT-1 Tuse. 
Ry = 20,000 ohms. For regeneration «1 << 1/оС,, 


Case D.—Z; = Inductance. Z, = Capacity. 
The expression for feedback voltage in this case is identical with that of 


case B wherein the plate load is an inductance instead of a capacity. The 
conclusions for case B, and the curves referring thereto (Fig. 6) apply without 
change to the present situation if the plate circuit inductive reactance of 
case B (= ар) is now replaced by the capacity reactance — l/wCp. 
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Local Errors in Radio Direction Finding." 
By J. HOLLINGWORTH, M.A., and B. HOY LE, M.Sc, A.M.I.E.E. 


Now that radio direction finding, using multi-turn coils with a length of 
side of only a few feet, has become a practicable possibility owing to the use 
of powerful amplifiers, attention is directed to the question of the reliability 
of such sets under working conditions, and to a closer investigation of the 
errors which are found to arise. Such errors are of course due to a large 
number of different causes and some of them may be under the control of 
the operator, but some are certainly not. [Itis of great importance that both 
these types of error should be fully investigated, in order that it may be 
possible to foretell the conditions under which reasonably accurate work 
can be expected, and what precautions must be taken to ensure a definite 
standard of reliability being obtained. At present it is believed that these 
errors are due to two causes :— 

(2) Deviation of the waves during their passage through space. 

(P) Local interferences at the receiving end. 

The first of these is probably incurable; it is at present under investigation 
by various observers, and a large amount of information in the form of 
observations has been obtained ; but it 1s hardly yet possible to generalise 
from these, and state in detail the causes of such trouble, and the limitation 
they enforce upon satisfactory work. 

It is the second of these causes which will be dealt with in this paper. 
There is no doubt that for theoretically perfect reception the receiving 
station should be at a large distance from anything in the nature of conductors 
or tuned circuits ; but as this is not generally possible, it is important to see 
what effects may be expected to occur under any particular conditions. 
This problem has not yet been investigated on its own merits for two reasons. 

First, it is in the nature of an error ; and so any observer, whose immediate 
object is the investigation of some other problem, is merely concerned with 
the question of its elimination. In setting up a direction finding station for 
accurate measurements the most favourable site available is generally 
chosen. If, then, a difference is found to occur between the measured and 
the calculated directions of the various stations, the receiving gear is moved, 
or the most obvious causes of interference taken away and any errors which 
cannot thus be eliminated are treated as due to causes beyond control. So 
long as they are permanent and constant they are not serious, and can be 
allowed for as soon as the mean error has been determined by a large number 
of observations. The object in view in this case is always to eliminate the 
errors, not to examine them ; and once the errors have been reduced to an 
extent which does not interfere with the experiment in hand, no further 
attention is paid to them. The second reason is that to produce artificially 
in a measured form all possible disturbing conditions to which a direction 
finding station might reasonably be expected to be liable in practice, would 
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require enormous equipment and very great facilities. It seems, therefore, 
that the most practicable way of investigating this problem is by collecting 
together the results obtained by different observers during the time when 
they were setting up their stations and making preparations for their indivi- 
dual experiments. Each observer who finds such errors arising should take 
particular note of them, and of the methods which he used for their elimina- 
tion. In this way a body of information could be collected from which it 
might be possible to deduce general laws. Such observations have been 
taken in many cases, especially where apparatus has been under design 
which would be required to work under specially unfavourable conditions ; 
but in reading the literature of the subject the authors have been particularly 
struck with the enormous diversity of opinion on the magnitude and causes 
of such errors. They do not suggest that any of these observations are 
wrong, but that the favourable results obtained in some cases have been due 
to particular conditions which have not been fully investigated. Naturally, 
if only a small error is found when experience would seem to suggest that a 
large one was to be expected, this has been accepted as a fortunate circum- 
stance, and the question of why the errors were unusually small in this 
particular case has not been investigated further. For instance, one observer 
states that a large aerial with a leading in wire, 20 feet from the coil even 
when tuned to the same wavelength as the coil, gave rise to an error not 
exceeding one-half of a degree; whereas one of the authors has met with 
a case in which an error of 4° was clearly produced by a tuned aerial at a 
distance of a quarter of a mile. They suggest therefore, that observers 
should take particular note of errors occurring in their own experiments, 
and publish them, so as to provide the body of information mentioned above. 

Following out this idea the following paper merely recounts their 
personal experiences in this matter; and any general inferences which may 
be drawn from these results are only tentatively put forward. 

It will probably be generally admitted that the ordinary local errors may 
be grouped under one or other of the following four headings; but the line of 
demarcation is not always very sharp. 

(1) Masses of metal. 

(2) Large conducting or partially conducting surfaces. 

(8) Tuned circuits. 

(4) Long distance overhead telegraph and telephone wires. 

Section 1. Masses of Metal. (Especially iron; the extreme case 
being that of an iron ship.)—In this case an error appears to be always 
present, the order of it being not more than 10? under ordinary conditions. 
Such an error, so long as it is not affected by movable metal parts, can always 
be obtained by actual measurement and a correction chart supplied for 
directional work. It is only in the case where the movements of such parts 
produce changes in the correction that directional work becomes impossible. 
Experience seems to show that this correction is not seriously affected by the 
movement of any piece of metal-work of reasonable size, provided that it 1s 
some feet from the coil. As an instance of this may be taken the case of a 
coil inside the fuselage of an aeroplane and a coil on or above the deck of a 
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battleship. In one particular instance of the former case where 
the coil was at the same level as the petrol tanks and only 4 or 5 feet from 
them, there was nothing in the general shape of the error curve to suggest 
that these large masses of metal, though close to the coil, were producing 
any individual effect. When, however, two bombs and two Lewis guns 
were mounted on the plane, the latter not more than 18 inches from the 
coil, obvious “ humps ” became visible on the correction curve. In the case 
of a two-engined aeroplane no special irregularity is noticed when one engine 
is nearly in line with the incoming waves. In the case of a battleship, if 
the coil is fitted in the space between the funnels about 30 feet above the 
deck, the necessary correction is uninfluenced by the movement of the guns. 
In this case, however, the error, though permanent, is large; andit has been 
found that by use of large coils on the Bellini-Tosi method, this permanent 
error is very much reduced. This again suggests that the errors produced 
areconfined to a small space in the neighbourhood of the source of disturbance. 

Variable errors have at times been obtained in aeroplanes; but are 
generally considered to be due to bad bonding of the bracing wires, which 
form large closed loops whose resistances vary with the state of the bond. 

Section 2. Large Conducting Surfaces.—It is somewhat difficult 
to draw the line between (1) and (2). In this paper group 2 is intended 
to refer to the case of iron buildings in the immediate neighbourhood of the 
coil; or to the case of a coil used in or on a permanent building containing 
the usual metal-work. Under ordinary conditions no visible errors appear 
due to this cause, and two cases of this can be instanced. It was required to 
determine the correction curve of a flying boat at an aerodrome where the 
only firm ground in the neighbourhood available for the purpose was a space 
practically surrounded by large iron hangars at a distance of 50 to 100 yards. 
On a first inspection it was thought that this position was impracticable for 
the purpose, owing to deflection of incoming waves by the buildings; and 
that the boat would have to be tested at sea, which was not desired, owing 
to the many special difficulties of such an operation. On testing, however, 
with a small portable coil having an accuracy of 1°, receiving from stations 
in all directions, no measurable errors were noticed. In another case, a 
coil was mounted at the top of a building on a flat portion of a metallic roof, 
and, though it was quite unsymmetrically situated, no errors were visible. 
Inside an iron building it is a different matter, though the deviation does not 
appear to be very serious if the building is completely enclosed with metal- 
work; but in a metal shed with one end open, the waves from all stations 
appear to be deflected along the axis of the shed. Of course in ordinary 
circumstances no coil would be used in such conditions. In one case it was 
noticed that a copper mine caused bearings passing in the neighbourhood of 
it to be deflected about 3? and in another case such an effect is suspected, 
£hough the evidence is not conclusive. 

Section 3. Tuned Circuits.— This heading includes both external 
circuits tuned to the same or nearly the same wavelength, and also radiation 
from parts of the receiving circuit itself. When using a transformer amplifier 
any movement of this may make considerable difference in the bearings, 
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unless the amplifier is shielded or several feet from the coil. The objection 
to the former method is, that such shielding must be bulky and heavy, and 
if it is brought too close to the radiating coils of the amplifier, sufficient 
energy is absorbed from them to reduce the amplifying power considerably. 
It also tends to form a mass of metal in the immediate neighbourhood of the 
coil such as has been dealt with in section (1). The latter method involves 
the use of long leads, which, if close together, increase the capacity of the 
tuned circuit and if far apart tend to pick up energy on their own. Closed 
coils tuned to the same wavelength appear to have a serious effect at a 
distance of several feet ; open aerials at a much greater distance. In the 
case of a coil underneath an aerial tuned to the same wavelengths as the 
aerial, incoming waves were deflected up to 45° in the direction of the aerial. 
With the coil slightly to one side of the aerial, all signals whose true direction 
was within 15° of the line from the coil to the leading-in wire of the aerial 
were deflected so as to 
appear to come directly 

from the leading-in wire. 

This wire was at a dis- 
tance of about 150 yards 

from thecoil. Novisible „Е. 
effect is produced if the 
aerial is tuned to a 
wavelength greater than 

twice the wavelength 

of the coil, or if the 
aerial is insulated, or 
earthed in an untuned 
condition. In the case 

of an aerial at some 
distance (see Fig. 1) 

the following results 

have been obtained. 

The coil was at a distance of a quarter of a mile from the aerial, and both 
were working on the same wavelength of 600 metres. Ships passed on the 
far side of the station from the aerial. When the observed angle subtended 
by the ship and aerial at the coil was about 4?, tuning in the station shifted 
the apparent bearing of the ship exactly on to the station. As before, no 
effect was noticed with an untuned aerial whether earthed or insulated, 
proving that this effect was really due to the aerial, and not to any other 
local cause. This effect would of course diminish rapidly with increase of 
the angle subtended at the coil between the directions of the aerial and of the 
incoming waves, and it is probably due to this fact that the very large discre- 
pancies of opinion which are referred to above have arisen. More information 
on this subject is required. 

Section 4. Telegraph and Telephone Lines.—This is probably the 
most difficult case of all, from which to draw definite conclusions. It is not 
possible to remove or modify the arrangements of the wires in order to see 
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to what extent they are the actual causes of the disturbances, and it is also 
impossible to obtain their electrical constants. 

, In certain definite cases very serious effects have been observed but there 
is nothing to show the limits within which such effects are likely to occur. 
The effect does not appear to be particularly due to single wire lines with an 
earthed return, as one of the worst cases noticed, which will be referred to in 
detail later, was that of a field telephone line wired with twin flexible not 
deliberately earthed at any point. 

In many cases, however, sufficient capacity to earth is probably introduced 
through the telephone instruments themselves, especially if they are fitted 
with any kind of lightning protector, to make it possible for the line to be 
treated for W/T purposes, as if it were earthed at the end. 

It is also uncertain whether the effect that occurs is due to the 
absorption of energy by the closed loop, or to a slight and very flat 
tuning effect which would give rise to re-radiation. : 

The characteristic effect 
of the former is that the 
incoming signal is deflected 
in such a way as to make it 
appear to come from a direc- 
tion more nearly at right- 
angles to the wire than its 
true direction, owing to the 
absorption by the wire of 
the component of the wave 
in the direction of its length 
while the component at 
(| — MEASURED DIRECTION right-angles to the wire 
—-— -CALCULATED = remains unaltered. On the 
other hand the effect of 
re-radiation on a circuit 
close to the source is to 

Fic. 2. increase this component and 

so turn the direction of the 

signal towards the direction of the wire as in the case of a coil to a tuned 

aerial. As far as is known very little organised attention has been devoted 

to this problem, but the following two illustrations of results obtained are 
given. 

The first was obtained in an odd half hour while waiting for a certain 
station to start working for a special test. It was not possible to devote 
further time to it and the results were not followed up. А small directional 
coil being available, it was placed on the ground at various distances from a 
line of wires carrying about half a dozen ordinary post office circuits. In one 
direction these wires extended for several miles, in the other direction in 
about half a mile they crossed the mouth of a river by means of a submarine 
cable. Consequently at this end the capacity to earth was very high and 
for wireless purposes they may be considered to have been earthed. Several 
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stations were sending from various directions and measurements were taken 
as is shown in Fig. 2. 

The diagram is practically self-explanatory. The coil was on the north 
side of the wires at a distance of about 2 yards from the line of poles which 
were of the usual height. It shows that very large errors were produced ; 
and with one exception, FL, the tendency was to divert all the directions 
towards the normal to the wires, but it is quite unsafe to generalise from 
such a small number of results. The coil was afterwards moved to a distance 
of 7 yards from the line of wires, but at that time only one station, POZ, 
was sending, and from a single result little information can be obtained. 

Another interesting case is shown in Fig. 3. Four small temporary huts 
used for wireless purposes were linked up as in the drawing by a field tele- 
phone set, the wiring consisting entirely of twin wire carried either on 
temporary poles or on " 
hedges. In hut A, there 5 
was a three line exchange p 
and also the coil with which Ж 
the tests were made. Ву / | 
operating this exchange i m 
the bearing could be shifted ---тъ” 
into almost any direction | 
required. If all the lines l 
terminating at A were left ГА с 
open the effect was quite | 
small, but if hut В were / P 
switched to hut D, the / 2 ———>N 
direction of signals from Ve or 
Paris was shifted 14°. / Ву 

Other arrangements of AP 
the switchboard produced „В Pi LL FIELD TELEPHONE LINE. 
different deflections, none 
of which were quite so Fic. 3. 
serious, but stil were 
sufficient to make work impossible. A hut used for directional purposes 
nearly always required a telephone for convenience in operating and 
reporting, and this seems to show that for safety it is necessary that 
telephone lines must run underground for at least several hundred yards 
from the hut. The magnitude of the results is so difficult to foretell that 
it is necessary to err on the side of extreme caution. 

To summarise, one may say that local variations may be due to a large 
number of causes’ Some of these are permanent and consequently not so 
serious, but others, like the one last described, may vary without the know- 
ledge of the operator and so lead to totally wrong inferences. Of course 
when a large permanent directional station is being erected it is generally 
possible to choose a site free from such troubles, but at the same time it is 
of great value to know the conditions under which it is possible to take 
temporary measurements with a reasonable degree of accuracy. 

3E 
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An Elementary Method of Deducing the Effect 
of Resistance іп Damping Oscillations.” 
By E. GREEN, M.Sc. 


If a circuit consisting of inductance L, capacity C, and resistance R is set 
in oscillation and afterwards left to itself the resultant variation of the 
current with time is as shown in Fig. 1. The usual method of determining 
the ratio of current amplitudes after any number of oscillations is by 
reference to the equation for current 

t = Де” cos pt 
which in turn is obtained from the solution of a certain differential equation. 
But it is possible to find the ratio of current amplitudes from more elementary 
considerations with a fair degree of accuracy. 


Fic. 1. 


At the instants represented by 0, 1, 2, etc., when the current is a maximum, 
the voltage across the condenser is zero and the whole of the energy is 
concentrated in the inductance. 

Energy in circuit at 0 = 211,2 
" 5 1—iLI, etc. 
Between these two points the energy lost in resistance must be 271,2 — 142. 

Let T' = the time of one complete oscillation so that times from 0 to A 
and A to 1 are each 7/4. 

During the time 0 to À we can regard the current as a sinusoidal one with 
a maximum value Да; and from A to | as having a maximum value 11. 


г. Resistance losses from 0 to А = $RI,? x : = 81 1,2, 
Similarly resistance losses from А to 1 = ET j^ 
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<. LI — ЩЕ = Hg -Һ e 13, which on rearranging becomes 
RT RT) - 
ILI [1 -Жі- un Е UL 


Put oa 5 which is the logarithmic decrement per half period, so that 


4L 
111,2 1 — $} == 311,2 {1 -- 8]. 
HO E и 
h VI+ ` 


When R, L and T are known, 6 and therefore Ё can be determined. The 
same reasoning holds good in the case of J, and I, etc. 


ha lebe ah 

do. doc d^ en 

IL. I; 1, А 1 е 
Hence == = = X 25 x ..... — Kk" and can be determined. 

In I 1, 


It is of interest to see how closely these results agree with the more accurate 
formula. 


— Im -г-- oe 1 2 — i 3 e * è è è 
I, 1 sr 5 1 д E 50 39 та 
From the accurate formula 
= —-—-1—8439 498 р... 
0 
Hence the error by the approximate method is of the order of 19°. 
5 | Error. 
o'I 0-03 per cent. 
0-2 0:3 - 
0:3 I » 


The approximate formula is therefore accurate enough for all practical 
cases, It should be remembered however that in finding the value of k” the 
percentage error will be approximately n times as large. 

The chief interest of the approximate method lies in its showing clearly 
from the energy relations how the various constants of the circuits affect 
the damping. 

[In applying the strictly accurate decrement formula to circuits containing 
a spark-gap, the assumptions made are so incorrect that the further assump- 
tion made in the above note is quite permissible. | 

We might point out however that in a damped oscillation the voltage 
across the condenser is not zero when the current is a maximum. The current 
begins to decrease as soon as the rate of energy transfer from the condenser 
to the magnetic field falls below the rate of energy dissipation in the circuit ; 


до . 
at this moment Os = ФЕ and v cannot be zero.—Epiror.] 
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Measurement of the Field Strength at Leghorn 
of the Annapolis Signals. The Need for 
Further Research. 


By THE EDITOR. 


In August, 1919, measurements were made at the radiotelegraphic labora- 
tory of the Italian Navy at Leghorn with the object of determining the 
strength of the electromagnetic field produced there by the transmitting 
station at Annapolis, U.S.A. The method adopted by Professor Vallauri 
was as follows :—Two single-turn vertical coils, triangular in shape and 
having each an area of 1,404 square metres, were supported by masts in such 
a way that one was in the great-circle plane through Leghorn and Annapolis, 
whilst the other was at right-angles thereto. The signals were therefore 
received only on the former, and, as tests with amplifiers proved, no trace of 
the signals could be detected on the latter. The receiving circuits are shown 
in Fig. I. The primary circuit consists of one of the triangular aerials, eight 
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condensers of 1 „Е in series, a coupling coil of 50 uH, a variable inductance 
of 70—150 uH and a second coupling coil of 86 pH. The secondary circuit 
consists of an inductance of 6,000 uH, with the necessary condensers, across 
which is connected the amplifying detector set with six high frequency and 
two low frequency stages. Су is an oscillating valve set for independent 
heterodyne reception, whilst G, is a similar set, the output current of which 
is measured by means of the thermo-junction TE and galvanometer G. This 
current passes through the coil of 312 „Н, which forms the primary of the 
variable and carefully calibrated mutual inductance M,, of which the coil 
of 86 uH forms the secondary. 

With the switch a b in one position and G, out of action, the signals from 
Annapolis are received and their pitch and intensity adjusted by means of 
the heterodyne generator Сі; with the switch in the other position, Anna- 
polis cannot be heard, but G, is started up and its frequency adjusted until 
the same note is obtained in the receivers ; the mutual inductance M, is then 
adjusted until the signals are equal in strength to those received from Anna- 
polis, when the switch a b is in the other position. Knowing the value of the 
mutual inductance М, and the current in its primary coil, the E. M.F. induced 
in the aerial circuit can be calculated. With the switch ab in the other 
position the same E.M. Е. must be produced by the Annapolis signals, and from . 
the area of the aerial the strength of the electromagnetic field can be cal- 
culated. Precautions must be taken to ensure that no interference occurs . 
due to mutual inductance between various parts of the circuits. Most of 
the measurements were made when the transmitting key at Annapolis was · 
held down. 

The effective height 4 of the Annapolis aerial is 0-107 km. and the current 
280 amperes ; hence AI = 30. Тһе distance between Annapolis and Leghorn 
is 6,917 km.; the wavelength émployed 17-3 km. Austin and Cohen had 
found that the received current was obtained by multiplying the value 
calculated on the assumption of a plane conducting earth and an ideal 
atmosphere of infinite extent by the exponential factor в 000150/М4, 
Professor Vallauri’s measurements gave values of the electro- 
magnetic field varying from 6 to 18 times as great as those 
calculated by the Austin-Cohen formula. In view of this discrepancy 
Professor Vallauri sent us particulars of his experiments and data ; we came 
to the conclusion that the results were probably correct, since, on trying 
various alternatives to the Austin-Cohen factor, we found that Vallauri’s 
results were in excellent agreement with the exponential factor suggested by 
L. F. Fuller (Proceedings of tbe American Institute of Electrical Engineers, 34, 
рр. 567—585, April, 1915), viz., < 9019D/*, We communicated this fact to 
Professor Vallauri, who has now published his results with the values 
calculated by the two methods in parallel columns (L’Elettrotecnica, 7, 
pp. 298—300, June 15th, 1920). Using the measured values.of the field 
strength, he calculates the value of the product AI of the Annapolis 
aerial which we know to be about 30. Не gives 31 observations made 
at different times during the day and night; using Fuller's formula the 
calculated values vary between 24 and 75, whereas the Austin-Cohen formula 
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gives values between 170 and 530, that is, about ten times the measured 
value. The Austin-Cohen formula would therefore lead to values 100 times 
too great for the necessary power required to produce the received signals. 

Over what range of distances and wavelengths Fuller’s factor is applicable 
there is not sufficient data to decide. For a wavelength of about 3-5 km. 
both formule give the same result, for longer wavelengths the Fuller formula 
is the more optimistic, whereas for shorter wavelengths the reverse is the 
case. In our last issue we gave tables and curves of the power required for 
long distance transmission based on the Austin-Cohen formula. We have 
recalculated the tables on the assumption that Fuller’s formula is applicable 
throughout, and the results are embodied in Tables I. and II. 

On comparing these tables with those given in our last issue, it will be seen 
that if Fuller’s exponential be assumed, the calculated power required to 
cover distances of 5,000 to 10,000 km. is a mere fraction of that calculated 


Taste I. 


Aerial power in kilowatts to give 0-37 microvolts per centimetre (B — 0-1). 


D = 1,000 km. 
^m 
y = 0:5 y = 0°75 y ^1 у 22 y == 83 y=5 
0-5 — — — 2,230 140 45:5 
1:0 — — 405 8-07 5:8 9.8 
25 14-1 1-26 0-585 0-695 1-47 5-0 
5-0 0:284 0:124 0-126 0-388 1:06 4-26 
10-0 0-051 0-052 0-071 0-313 0-94 4:02 
D = 2,000 km. D = 3,000 km. 
Am 
y = 0:5 v=075|y=1 y=2| y=3 | y =5 |y = 05 |у = 0"75 | у=1| y=2 | y=3 | y=5 
0-5 — — — | — — | 2,130 — — — — — | 56,000 
1-0 — -- -- | 948 | 155-5 | 99 -- -- — | 63,500 | 2,340 | 562 
9-5 -- 907 |974) 7 9-9 25:8 — — 720 | 89:8 | 37-6 75 
5:0 1 2 1:8 | 2-2 | 515 | 18-7 288 181 | 7-25 7:0 14-1 46-4. 
10-0 || 0-51 0-35 0-4 | 1-43 | 4:03 | 16-7 | 2-89 1:32 | 1-27 3-65 | 9-76 39 
D = 5,000 km. D = 10,000 km. 
Am 
у = 0:5 y = 0775 y=1 у = 2 у = 3 у = 5 үзі үз-2 y=3 ү = 5 
| he = — | 290,000 | 10,050) | — | — | — 
2-5 — — 274,000 710 298 346 — | 291,000 | 16,400 | 4,930 
5-0 |110,000 | 835 129 39 58 155 | 53,000 7173 617 | 1,000 
10-0 52 10-4 7:05 13-2 31-5 116 159 101 183 555 
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ТАВІЕ П. 
Optimum wavelength and minimum aerial power in kilowatts 
to give 0-37 microvolts per centimetre (B = 0-1). 


1,000 | 2-5 | 2-5 5-6 | 1-25 | 3-125 0-5 | 0-75} 3:75 | 0-12 0-5 5-0 | 0-05 
2,000 | 4-75 | 4-75 | 99 1-5 3-75 65 |1 5-0 1-28 0.75 7-5 | 0-34 
3,000 | 60 |60 | 510 || 2-5 6-25 36 || 1-5 7:5 6:0 10 10:0 | 1-27 
5,000 | — | — — || 3-0 7:5 298 12-0 10 115 | 115 6-5 
10,000 | — | — — |60 | 15-0 4,740 || 2-5 12 600 2-0 20-0 | 100 


on the assumption that the Austin-Cohen factor is applicable. Here then 
is a subject for international research; the experiments described above 
show that the requirements in the way of aerials and instruments are very 
modest. There need be no fear of overlapping; in our present state of 
knowledge the more overlapping there is the better. There are two distinct 
lines of research : firstly, to determine what strength of electric field it is 
necessary for signals to have to enable them to be read at all times in spite 
of atmospheric disturbances, and secondly to.determine the law according 
to which electromagnetic waves of various lengths are propagated around 
the earth. The former will depend on the locality, on the direction of the 
transmitting station, on the type of aerial and devices employed for elimi- 
nating interference, on the wavelength and speed of working, and on theinter- 
pretation of the words “ат all times." Тһе latter line of research will 
involve considerations of diurnal and seasonal variations, the nature of the 
surface and the direction of propagation with respect to the parallels of 
latitude. Until such researches have been carried out, the design of long 
distance wireless systems on scientific lines 1s obviously impossible. 


The British Association for the Advancement of Science. 


The annual meeting of the Association was held at Cardiff from August 24th to August 28th. 
The only paper bearing directly on radiotelegraphy was read before Section G (Engineering) 
by Professor Howe, on “ The Efficiency of Aerials and the Power required for Long-distance 
Transmission." This covered the same ground as the editorial articles in our August and 
September issues and in this number. In Section A (Mathematics and Physics) Professor 
Whiddington read a paper on the measurement of small changes of length by means of the 
variation in the capacity of an air condenser when the distance between the plates is changed. 

The change of capacity can be detected by using two separate oscillating valve circuits, 
one containing the experimental condenser and the other a fixed condenser. Any change of 
the capacity will cause a change of frequency and therefore a change in the beat note in a 
receiving circuit coupled to both oscillating circuits. 

Professor S. Chapman read a paper entitled, “ Terrestrial Magnetism, Aurore, Solar Dis- 
turbance, and the Upper Atmosphere.” Although dealing with the ionisation of the atmo- 
sphere from the point of view of its effects on terrestrial magnetism, the paper will prove of 
interest to those interested in the physics of long-distance wireless transmission and atmo- 
spheric disturbances. 


656 THE RADIO REVIEW VoL. I. 


Review of Radio Literature. 
1. Articles and Patents. 


859. On Автіғісілі. Lines. J. Bethenod. (Radioélectricité, 1, p. 128, August, 
1920.) | 

Considerable interest has recently been expressed іп the use of various forms of filters, 
or filtering circuits, for eliminating, or at least reducing, the effects of disturbances, such as 
atmospherics, in wireless receiving. The author points out that these circuits are merely 
special cases of ordinary artificial lines, and proceeds to deduce the filtering action of such 
lines, taking a general case with inductance and resistance in the shunt paths, and resistance 
and capacity in the series circuit, employing the ordinary electrical theory of branched cir- 
cuits. He concludes that in effect such circuits are equivalent to a series of ordinary induc- 
tively coupled circuits having coefficients of mutual inductance equal to the self-inductances 
of the shunt branches. From this point of view the presence of resistances are a disadvantage. 
The favourable action of the filters can only be obtained by a series of adjustments of each 
branch in turn, and the author is of the opinion that the equivalent series of inductively 
coupled circuits may possess advantages from the point of view of ease of adjustment. 


860. ANTENNA CONSTANTS AND THE WAVELENGTHS OF ÀNTENN 4E. А. Press. 
(Revue Générale de TP Électricité, 7, pp. 547—552, April 24th, 1920. 
Science Abstracts, 238, p. 323, Abstract No. 636, June 3oth, 1920— 
Abstract. Technical Review, 6, р. 588, July 6th, 1920—Abstract.) 

The author first points out the variation of the inductance per unit length of an aerial with 
the height of the point considered above the ground. An expression is given for this function, 
and from a consideration of curves plotted therefrom it is shown that the mean values of the 
inductance in henrys per cm. for a vertical and for a horizontal wire may be written in the 
following forms :— 


I, = 46 x 10-° | log, 2 — оз! (vertical) 
сода -9 2h, 
and L = 4'5 X 107. logi 2 (horizontal). 


The differential equations are developed for an inverted L type of aerial and an expression 
is derived for the equivalent impedance of the aerial as a whole. This last may be written in 
the form 


Z = — CR T ohms. 


"Қ Cih) 


where f is the frequency, Сл is the capacity per unit length of the vertical portion, h is the 
overall length of the aerial and T' represents the following function :— 


То mT Xo mT Ao s То д2п cot 2nh 


duc. ECCE E 
For long wavelengths the equivalent impedance Zo becomes that of a pure capacity while 
for short wavelengths (less than the fundamental Ay) Zp represents a pure inductance. Curves 
are given for the function Г and also for the ratio of L’/l where ZL’ is the inductance added in 
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series at the base of the antenna and Jy is the inductance per unit length of the vertical portion 
multiplied by the total length of the aerial. 

The method of determining the equivalent inductance and capacity of an aerial as outlined 
by Eccles, in which wavelength measurements are made with an added inductance in series 
with the aerial, is critically discussed, and finally a calculation is given for the ratio L/L for a 
multi-wire aerial, Lz being the inductance per unit length of the horizontal portion and L, the 
С ponding quantity for the vertical portion. This ratio is shown to approximate to the 
value 


0:3 
1 
T 2h, N — 1 8 Kan 
logo — — ў .logio— — А 


where h, is the height of the horizontal portion above the ground, N is the number of wires 
in parallel, а is the radius of each wire, 8 is the width of the aerial and K, is a factor 
dependent upon the number of wires. The values for this factor are tabulated below :— 


| | 
N Kn N Kn | N Kn N Kn 

6 1-18 11 2.99 16 2:85 
2 0 "7 1:43 12 2-91 17 2-95 
3 0-308 8 1:66 13 2-51 18 3:04 
4 0-621 9 1:86 14 2-63 19 3-14 
5 0:906 10 2-05 15 2°74 20 3:24 


Some sample calculations illustrating the formula are included at the end of the article.. 


861. ABSOLUTE MEASUREMENT or FREQUENCY оғ ELECTRICAL OscILLaTions. J. 
Tykocinski-Tykociner. (Sctence Abstracts, 23A, p. 356, Abstract No. 900, June 3oth, 
1920 —Abstract.) 
See also Каро Review Abstract No. 328, Мау, 1920. 


862. Нісн FREQUENCY ResISTANCE oF Wires AND Corrs. G. W. O. Howe. (Science Abstracts, 
23B, р. 295, Abstract No. 585, June 30th, 1920—Abstract.) 
See Rapiro Review Abstract No. 582, August, 1920. 


863. THE Low-rrequency Cycie ім Musicat SPARK TRANSMITTERS. Е. Е. 
Martens and С. Zickner. (Jahrbuch Zeitschrift fiir drahtlose Tele- 
graphie und Telephonie, 15, pp. 266—288, April, 1920.) 

A theoretical and experimental investigation of the conditions controlling the operation 
of a quenched spark transmitter with either one or two sparks per cycle. The wave forms 
of the currents and voltages were determined by means of a cathode ray oscillograph. A 
bibliography of the subject is given. 


864. DigLEcTRIC Constant or Маввік. (Zeitschrift für Instrumentenkunde, 
40, p. 119, June, 1920.) 


A report of tests made at the Reichsanstalt. Natural marble absorbs moisture and its 
capacity depends on the frequency ; if paraffined before thorough drying it is even worse, 
but if thoroughly dried in vacuum (48 hours at 160°) and then paraffined its dielectric constant 
of 8:4 was independent of the frequency between f = 146 and f = 572,000. 


865. SKiN EFFECT ІЧ Square Wires. A. Press. (Radio Review, 1, pp. 466 
—467, June, 1920.) 
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866. MEASUREMENTS OF THE ELECTROMAGNETIC FIELD DUE TO AN AEROPLANE 
TRANsMiTTER. R. Baldus and R. Hase. (Jahrbuch Zeitschrift für 
drahtlose Telegraphie und Telephonie, 15, pp. 354—391, May, 1920.) 

Signals were sent out from an aeroplane and the received strength determined at a ground 
station. A large number of experiments were made to determine the effects of distance, 


height, direction of flight, type of plane and aerial employed. Both vertical and horizontal 
receiving aerials were tried. 


867. RELIABLE METHOD FOR THE APPROXIMATE DETERMINATION OF TRUE ANTENNA Сом- 
STANTS. А. Hund. (Science Abstracts, 238, p. 63, Abstract No. 130, January, 1920-- 
Abstract.) 


See Rapio Review Abstract No. 92, January, 1920. 


868. Harmonic OSCILLATIONS IN DIRECTLY EXCITED ANTENNAS USED IN RADIOTELEGRAPHY, 
L. Lombardi. (Science Abstracts, 238, pp. 107—108, Abstract No. 202, February, 1920 
—Abstract.) 

See Каро Review Abstract No. 278, April, 1920. 
E] 


869. REINFoRcED Harmonics ік HIGH-POWER Авс TRANSMITTERS. Е. A. Kolster. (Science 
Abstracts, 238, p. 112, Abstract No. 214, February, 1920—Abstract.) 
See Клото Review Abstract No. 279, April, 1920. 


570. AN OSCILLATING SOURCE FoR RADIO RECEIVER INVESTIGATIONS. J. Weinberger and 
C. Dreher. (Science Abstracts, 238, p. 163, Abstract No. 328, March, 1920—Abstract.) 
See Rapio Review Abstract No. 275, April, 1920. 


871. NOTES on THE MEASUREMENT OF WAVELENGTH AND Нісн FREQUENCY 
Inpuctance АКО Capaciry. D. Williams. (Wireless World, 7, 
р. 582, January, 1920.) 


The “ double click’? method of measurement is described. 


872. ON MEASUREMENT OF SIGNAL STRENGTH. W. H. Eccles. (Science Abstracts, 238, p. 166, 
Abstract No. 335, March, 19g20—Abstract.) 
See Rapio Review Abstract No. 19, November, 1919. 


873. Tue МЕлвувЕмЕмт or Нісн FRequency RzsisrANCE. (г) Com- 
PARISON OF DIFFERENT Types or Winpinc. 1. М. Clement. (Every- 

day Engineering Magazine, 9, pp. 156—158, May, 1920.) 
A number of measurements are summarised in the form of curves relating to different 


types of windings. The advantages of banked windings as compared with ordinary layer 
windings are well illustrated. 


874. CONDUCTIVITY AND DIELECTRIC COEFFICIENT оғ DIELECTRICS aT Нісн FREQUENCIES. 
С. E. Bairsto. (Revue Générale de’ Électricité, 7, p. 1530, May 15th, 1920—Abstract.) 
See Rapio Review, І, Abstract No. 473, July, 1919. 


875. APPLICATIONS OF THE CATHODE Ray Tuse IN Rapio Work. L. Е. Whitmore and L. M. 
Hull. (Revue Générale de l Électricité, 7, pp. 1730—1740, May 29th, 1920—Abstract.) 
See Rapiro Review Abstract No. 181, February, 1920. 


876. An A.C. Zero METHOD or DETERMINING THE GRID SENSIBILITY OF 
AwPLiFYING Vatves. W. Schottky. (Lelegraphen- und Fernsprech- 
Technik,.9, pp. 31—32, May, 1920.) 


The resistance x 1s adjusted until the alternator of telephonic frequency gives no sound in 


i 
the telephone receiver T (see Fig. т). Now 04, = dv ді, + dv al 
P p g Q 2 0 
: Ug Up 
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For no sound in the telephone, neglecting the resistance of the plate battery, 80, = 0, 


ДА bi, = Lie . до but the A.C. grid potential dy, = 6% X x, .". Oi Qv, = Ша. 
g 


Fic. 1. 


It is to be noted that by grid sensibility the author means the slope of the plate-current 
—grid-voltage characteristic. 


877. THE CALIBRATION OF WAVEMETERS BY Means or HicHer Harmonics. 
R. von Ettenreich. (Jahrbuch Zeitschrift fiir drahtlose Telegraphtie 
und Telephonie, 15, pp. 236—240, March, 1920. Science Abstracts, 
238, p. збо, Abstract No. 695, July 31st, 1920—Abstract.) 

The frequency of a moderately high frequency generator, say 5,000 cycles per second is 
determined accurately by ordinary means. It is loosely coupled to the wavemeter by an 
intermediate non-oscillating circuit containing a rectifier, e.g., a crystal detector. This 
causes a great number of harmonics which can be used to calibrate the wavemeter. 


878. BUZZER FoR WIRELESS TELEGRAPHY. С. Lorenz. (German Patent 
301743, July 22nd, 1917. Patent granted October Ist, 1919. Tabrbuch: 
Zeitschrift für drahtlose Telegraphie, 15, p. 503, June, 1920—Abstract.) 


An electromagnetic buzzer the coil of which is provided with a closed yoke. 


879. SPARK TRANSMITTERS. Société Francaise Radio-Electrique. (French 
Patent 502159, March 18th, 1915. Published May 6th, 1920.) 

The specification describes means of arranging spark producers for wireless telegraphy con- 
sisting of m spark producers in parallel. The discharges obtained at the said spark gaps are 
controlled so that each gap furnishes p/n discharges per second, p being the total number of 
discharges per second in the oscillating circuit. Тһе control of the spark gaps is such that the 
discharges join up in the oscillation circuit and produce a frequency of discharge equal to p. 
No drawings are appended to the specification. 


880. APPARATUS FOR PRODUCING Exrcrric OsciLLATi0Ns. M. Deutsch. 
(British Patent 137564, December r9th, 1918. Patent accepted 
January 22nd, 1920.) 

This specification deals with apparatus for the production of high frequency oscillations 
in which a vibrating make-and-break contact is shunted by an oscillating circuit including a 
condenser and the primary winding of a transformer. Provision is made for a part only of the 
electromagnet winding operating the vibrating contact to be included in the circuit when an 
А.С. supply is used, whereas the whole winding is employed with a D.C. supply. 
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881. QuENcHED Gap Operation. H. J. Tyzzer. (Everyday Engineering 
Magazine, 9, pp. 154—155, May, 1920.) 
Deals with the use of quenched spark gaps fed from an induction coil for short wave (тапз-. 
mission. 


882. ELECTRIC Авс OscILLATION Generators. Р. О. Pedersen. (British 
Patent 136762, May 29th, 1919. Convention date, March 4th, 1919. 
Patent accepted, December 24th, 1919.) 

With a view to increasing the efficiency of an arc oscillation generator particularly in cases 
when it is used in conjunction with aerials of small capacity, it is proposed to limit the move- 
ment of the arc on the cathode by means of appropriate local cooling, or by special shaping 
of the cathode and positioning with respect to the anode, or by the provision of appropriately 
placed jets through which gas (such as hydrogen, coal gas, alcohol, etc.) may be blown on to 
the arc. The cathode may also be water cooled if desired or may be cooled locally by contact 
with an auxiliary water-cooled tube so that its temperature may be adjusted to give any 
desired high ignition voltage. 


883. VALVE TRANSMITTING Apparatus. General Electric Company, U.S.A. 
(British Patent 139640, March 26th, 1010. Patent accepted March 11th, 
1920.) 

The essential features of the arrangement described are indicated in Fig. 2, which aims at 
enabling the ratio of capacity to inductance in the oscillating circuit to be adjusted to the 
value at which the valve operates most efficiently independently of the value of the aerial 
capacity. For this purpose the filament of the valve V is joined to the centre earthed point 


ә 
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Lo 
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of the inductance L, L, which provides the reaction coupling between the grid and anode 
circuits of the valve as indicated. The aerial tapping should be made to the part of the coil 
which is included in the plate circuit and an auxiliary condenser C, is similarly connected to a 
tapping on the grid side to the coil and adjusted so that the capacity of the aerial circuit is 
compensated for. For radiotelephone transmission the transmitting microphone is coupled 
to the grid circuit through the transformer T in the usual manner. The direct current supply 
circuit for the valve includes the iron core choke Ly and a special choke inductance L which 
1s so designed as to be in resonance for the oscillation frequency so that it offers an almost 
infinite impedance to the passage of currents of that frequency. For telegraphic signalling 
the transformer T may be omitted and the signalling key connected at K while the iron core 
choke Lọ may also be omitted. 


884. Уліуе Озсилалтон GENERATORS. Е. O. Scriven. (British Patent 
140449, March 18th, 1920. Convention date, June 4th, 1917. Patent 
not yet accepted but open to inspection.) 

In a three-electrode valve arranged for generating oscillations with a usual arrangement of 
reaction coupling, a high resistance is connected іп series with the plate circuit so that the current 
in that circuit is maintained practically constant in spite of the slight alterations in the con- 
ditions of operation of the valve, etc. This resistance may be replaced by a large choking 
inductance so that the harmonics in the oscillation may be emphasised in the output circuit 
which supplies an amplifying valve. Currents of higher frequency than the fundamental may 
be obtained by providing the output circuit of this amplifying valve with a number of parallel 
branch circuits tuned respectively to the harmonic frequencies of the fundamental oscillations. 


885. THERMIONIC VALVE OscıLLATION GENERATORS. R. V. L. Hartley. 
(British Patent 141046, March 30th, 1920. Convention date, June Ist, 
1915. Patent not yet accepted but open to inspection.) 

The circuit described for the generation of oscillations by means of a triode valve 1s the well- 
known one in which the reaction between the anode and grid circuits is provided by a condenser 
connected between the anode and the grid, there being no mutual induction between the induc- 
tances in the anode and grid circuits. See Каро REVIEW, І, pp. 577—584, September, 1920. 


886. TRANSMITTERS. |). Bethenod. (French Patent 501512, December 
31st, 1918. Published April 16th, 1920.) 
The specification describes a method of coupling an aerial to a high-frequency alternator 
and the patent corresponds to British Patent 128575.* 


887. HicH Frequency Inpucror ALTERNATORS. Е. Е. W. Alexanderson. 
(British Patent 141745, April 16th, 1920. Convention date, June 22nd, 
1015. Patent not yet accepted but open to inspection.) 

In a high frequency alternator of the well-known Alexanderson type provision is made 
for the connecting together of the non-magnetic slot filling plugs on the rotor by connecting 
rings to form short circuited windings for minimising the effect of armature reaction. The 
widths of the stator and of the rotor teeth should be such that as the rotor rotates the number 
of rotor teeth opposite any stator tooth alternates between 4 (n + 1) and $ (n — 1) where n 
is any odd integer greater than one. In the example quoted in the specification m= 3 and 
the number of inductor teeth opposite the stator teeth varies between one and two. The 
frequency of the induced current 15 then three times the frequency that would be obtained if the 
rotor and stator teeth had the same pitch. This specification appears to cover the same ground 
as British Patent 13904/1915. 


888. Нісн FREQUENCY VARIABLE RELUCTANCE ALTERNATORS. M.Osnos. (L'Elettrotecnica, 
7, pp. 228—229, May 5th, 1920—Abstract.) 

Abstract of paper from the Fabrbuch der drabtlosen Telegraphie, 13, p. 270, November, 1918, 
dealing with the Cail-Hermer and Guy alternators. 


* Rapio Review Abstract No. 23, Nov. 1919. 
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889. Нісн Frequency ALTERNATOR Winpincs. E. O. Turner. (British 
Patent 136215, November 14th, 1918. Patent accepted December 
15th, 1919. L Electricien, 51, p. 284, July 1st, 19g20—Abstract.) 

This specification relates to A.C. generators with a large number of field poles and provides 
for the use of an armature winding in which the pitch differs slightly from the pole pitch. The 
object of this arrangement is to overcome the distortion of the wave form usually obtained 
in machines having only one slot in the rotor per pole on the stator. In such machines there 
is usually no room for the insertion of more slots per pole if space is to be left for the windings 
themselves. By making the pole pitch on the rotor slightly different to the pole pitch on the 
stator, the E.M.F. induced in any one conductor is slightly different in phase from the E.M.F. 
induced in the next similarly disposed conductor of the same phase winding. If necessary 
some of the slots on the rotor may be left blank in order to obtain this type of winding, so 
that part only of the rotor periphery is utilised. 


890. Нісн Frequency Mopuratine Apparatus. R. А. Heising. (British 

Patent 140807, March 26th, 1920. Convention date, November 14th, 

1914. Patent not yet accepted but open to inspection.) | 

For the modulation of a high frequency current it is proposed to include the plate circuit 

of a three-electrode valve in series with the output circuit of an amplifier connected to a 

source of high frequency oscillations. By modulating the potential of the grid of the con- 

trolling valve the amplitude of the high frequency current pulses flowing through the plate 

circuit of this valve may be controlled, and thus the oscillations in the aerial or other apparatus 
which is coupled to that circuit may likewise be modulated. 


891. Нісн Frequency Moputatinc Apparatus. H. J. van der Bijl. 
(British Patent 141732, April 15th, 1920. Convention date, August Ist, 
1015. Patent not yet accepted but open to inspection.) 

A triode valve used as an amplifier is arranged for modulating the high frequency output 
oscillations by coupling to its grid circuit both the modulator (microphone or signalling key) 
and the source of high frequency oscillations. The output circuit of the amplifying valve 1s 
coupled to the transmitting aerial circuit. For best results the potential applied to the grid 
circuit by the signalling current should be from three to ten times as much as that from the 
high frequency source. 


892. Gaseous TELEPHONE TRANsMiTTERS. R. A. Engler. (Electrical 
Experimenter, 7, pp. 1154—1155 and 1200—1202, March, 1920.) 

The author describes telephone transmitters suitable for wire or wireless work in which a 
magnet attached to the diaphragm is used to vary the conductivity of a tube containing 
ionised gas through which the current to be modulated is passed. The ionisation may be 
obtained from an auxiliary arc, from a hot filament, by X-rays and by any other well-known 
method. Various modifications are described including one in which it is suggested that the 
magnet attached to the transmitting diaphragm may be used to vary the position of the 
grid wire in a three-electrode tube. 


893. TELEPHONE Retays. J.B. Pomey. (Revue Générale de lElectricité, 
7, pp. 665—669, May 15th, 1920. Technical Review, 6, p. 589, July 6th, 
1920—Abstract.) 


This article describes a number of different arrangements of telephone repeaters dealt with 
іп various French and other patents. Both single-way and two-way repeaters are described.* 


894. TELEPHONE RECEIVERS. 5. С. Brown. (British Patent 134353, 
November gth, 1918. Patent accepted November 6th, 1919.) 


Special constructional arrangements for telephone receivers are described. 


+ See also Rapio Review Abstract No. 515, July, 1920. 
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895. TELEPHONE TRANsMrITTERs. Р. L. Jensen. (U.S. Patent 1332973, 


January 2nd, 1918. Patent granted March 2nd, 1920.) 
In conjunction with a microphone transmitter in which the diaphragm is exposed to noise 
vibrations on both sides, means are provided for supporting the mouthpiece at the correct 
distance from the speaker’s mouth by means of suitably shaped pads and an attachment to 


speaker’s head.* 
896. TELEPHONE REPEATERS. В. Gherardi and Е. В. Jewett. (Annales des Postes, Télé- 


graphes et Télépbones, 9, pp. 68—135, March, 1920.) 
A reproduction of a paper read before the American Institute of Electrical Engineers. 


See Каро Review Abstract No. 228, March, 1920, for abstract. 


897. TELEPHONE Repeaters. M. Latour. (British Patent 140506, 
December 5th, 1918. Convention date, December 5th, 1017. Patent 
accepted April Ist, 1920.) 


Various arrangements of three-electrode valve repeaters for telephone lines are described 
and formule are given for calculating the best arrangements and windings for the coupling 


transformers, 


898. А OnE-TUBE RADIOTELEGRAPH AND RADIOPHONE TRANSMITTER. 
Р.Н. Boucheron. (Electrical Experimenter, 8, pp. 57 and 107—1c9, 
May, 1920.) 
Constructional details are given for a transmitting set employing any ordinary receiving 
type of three-electrode tube. 


899. Some Lonc-pisrancE RapIoTELEPHONY Tests. R. Е. Gowen. 
(Electrical Experimenter, 7, pp. 1281 and 1326, April, 1920.) 


Details are given of some long-distance tests made by the de Forest Radio Telephone 
Company using a 1 kW. three-electrode valve transmitter. A range of 1,500 miles was 
obtained using less than 300 watts. | 
доо. А Нісн Power WinELEss TELEPHONY INSTALLATION. Е. P.Swann. (Wireless World, 

8, pp. 76—79, Мау ist, 1920. Technical Review, 6, p. 548, June 22nd, 1920—Abstract.} 

See also Каро Review Abstract No. дот for further reference to the same apparatus. 

дот. WIRELESS TELEPHONE Procress. (Electrician, 84, pp. 568—570, 
May 2181, 1920. Technical Review, 6, p. 558, July 6th, 1920-- 
Abstract.) 

Describes the latest developments of wireless telephone transmitting apparatus by Marconi's- 
Wireless Telegraph Company. А 6 kW. and a 15 kW. set are described and illustrated. 
902. THE AcTION or THE WIRELESS TELEPHONE. R. A. Mallett. (Model 

Engineer, 42, pp. 484—485, May 20th; pp. 500—502, May 27th; 
PP. 536—541, June roth; pp. 560—562, June 17th; pp. 578—580, 
June 24th, 1920.) | 

А brief résumé of the principles of operation of the wireless telephone apparatus including: 
descriptions of several leading circuits using three-electrode valves. 

903. APPARATUS FOR CONTROLLING ELECTRICAL ENERGY ім SIGNALLING Systems. С. D. 
Ehret. (La T.S.F. Moderne, 1, pp. 61—62, May, 1920—Abstract.) 

See Rapio Review Abstract No. 340, May, 1920. 

004. CONSTRUCTION оғ A SIMPLE Rapio TELEPHONE. E. 5. Rogers. (Radio 


Amateur News, 1, p. 343, January, 1920.) 


* See also RApro Review Abstract No. 341, May, 1920. 
T See also Елріо Review Abstracts Nos. 614 and 618, August, 1920. 
] See Rapio Review Abstract No. goo, this issue, for further references. 
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905. DurLex WinrrEss TELEPHONY. General Electric Company, U.S.A. 
(British Patent 141386, October 3oth, 1916. Patent accepted 

April 22nd, 1920.) 
Describes an arrangement for duplex wireless telephony using separate aerials for trans- 
mission and reception at each station, and with a telephone circuit connected to the two aerials 


via a telephone exchange and a magnetic modulator. Different frequencies are used for 
transmission and reception. 


906. WinELEss TELEGRAPH Stations. H. J. J. M. de R. de Bellescize. 
(British Patent 134497, May 24th, 1919. Convention date, January 
22nd, 1019. Patent accepted November 6th, 1919.) 

In a duplex or multiplex wireless station using a main transmitting aerial in conjunction 
with one or more distant receiving aerials it is proposed to link up the receiving sets with the 
transmitting station direct so that the incoming messages are received at the transmitting 
station. For this purpose the receiving apparatus may be coupled through some form of 
repeater to a telephone line connecting the two stations. It is suggested that a convenient 
repeater for this purpose would be some form of microphone repeater in which the incoming 
signals after detection influence acoustically a microphone connected to the telephone line 
between the two stations. By this means the complete receiving apparatus may be enclosed 
in a metallic box and the acoustic vibrations made to affect the microphone through a per- 
forated or gauze window. 


907. SIMULTANEOUS SENDING AND RrckiviNG. Е. Е. W. Alexanderson. (Génie Civil, 76, 
р. 195, February 14th, 1920. Revue Général de l’ Électricité, 7, p. 1320, April 24th, 
1920—Abstract.) 

See Клого Review Abstract No. 75, December, 1919. 


908. WIRELESS SIGNALLING Systems. Siemens and Halske Akt. Ges. 
(British Patent 142846, May 5th, 1920. Convention date, April 24th, 
1918. Patent not yet accepted but open to inspection.) 

This specification deals with a system of radio signalling in which a definite group frequency 
is employed distinct from the wave frequency and the signalling or tone frequency, the group 
frequency being intermediate in value between the other two frequencies. In the case of a 
C.W. transmitter the term tone frequency would be taken to refer to the time period of the 
shortest signalling dot and in the case of musical spark telegraphy to refer to the period of the 
audible tone. In order to secure the maximum effects at the receiver it is desirable that the 
group frequency and the damping of the circuits at the transmitter and receiver should be 
such that the oscillations in the transmitting aerial are just able to build up to their maximum 
amplitude in the period of each group and similarly that the oscillations induced in the 
receiving circuits are also able to build up to their maximum amplitude during the time period 
of each group. 

The group frequency may be obtained by modulation of the amplitude of the high-frequency 
oscillations set up in the transmitting aerial by any well-known means. At the receiver the 
aerial and secondary circuit coupled thereto are tuned to the wave frequency and the resulting 
oscillations then rectified by means of a suitable detector. The output circuit of this detector 
is tuned to the group frequency and the damping of the circuit is adjusted so that the oscilla- 
tions of the group frequency set up therein are just enabled to build up to their maximum 
amplitude in the duration of the shortest signalling dot used, or during the tone period in the 
case of musical spark telegraphy. These oscillations of the group frequency may be rectified 
-by a second detector the output of which may either directly influence a telephone receiver 
or may be transferred to a third circuit tuned to the audible tone frequency in the case of 
musical spark telegraphy. 

It is stated to be preferable that the group frequency be made equal to the geometric mean 
between the wave frequency and the signal or tone frequency, since the damping factors of 
all circuits may then be as high as possible with a minimum loss of energy. 
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909. Exectric Discuarce Apparatus. Н. С. Rentschler. (British Patent 
139514, February 27th, 1920. Convention date, February 27th, 


1010. Patent not yet accepted but open to inspection.) 

A special three-electrode valve is described in which the grid is maintained at a positive 
potential with respect to both the plate and the filament, the plate being at a smaller positive 
potential with respect to the filament. Argon or a metallic vapour which exhibits the 
phenomenon of resonance potential is used in the valve. It is stated that the apparatus may be 
used as a detector, amplifier or frequency doubler, and that its mode of operation depends upon 
the varying conditions of the impact of the electrons on the gas molecules with the potential 
applied to the grid. 


910. Етесткіс Discuarce Apparatus. Н. С. Rentschler. (British Patent 
139518, February 27th, 1920. Convention date, February 27th, 


1919. Patent not yet accepted but open to inspection.) 

An addition to British Patent 139514 (Rapiro Review Abstract No. дод) describing a similar 
three-electrode valve with the positions of the electrodes and the value of the grid and plate 
voltages adjusted so that the maximum effect due to resonance potential of the gas molecules 
occurs when the anode current is just beginning to diminish owing to secondary emission of 
electrons from its surface. 


911. Етксткіс DiscHarce Apparatus. P. Schwerin. (British Patent 
143262, May 14th, 1920. Convention date, November 15%, 1916. 


Patent not yet accepted but open to inspection.) 

For the purpose of maintaining cool the anode of a thermionic valve it may be constructed 
in the form of a tube through which a cooling liquid such as water or oil may be circulated. 
The tube may be arranged in the form of a helix in the case of a cylindrical type of valve or 
in the form of a zig-zag in the case of a flat type of valve. The ends of the tube may be brought 
out through the seals at the ends of the valve for the purpose both of introducing the cooling 
liquid and for making connection to the anode. 


912. Етствтс DiscHARGE Apparatus. Н. W. Weinhart. (British Patent 
143519, May 17th, 1920. Convention date, November Ist, 1915. 


Patent not yet accepted but open to inspection.) 

` An addition to British Patent 143262 * providing for an alternative arrangement for cooling 
the anode of a triode valve. It is proposed to construct the anode in the form of a cylindrical 
tube one end of which opens outside the valve and is sealed to the walls of the valve, while 
the inner end of the tube is closed and a smaller tube is passed up the centre of the main anode 
tube so that circulating water or oil for cooling purposes may be passed up the central tube 
returning by the angular space between the two tubes. "The grid is wound around the anode 
tube and insulated from it while the filaments are supported on the outside of the anode and 
grid by means of suitable glass supports. 


913. THE MANUFACTURE оғ AMPLIFYING Vacuum Товеѕ. E. Rüchardt. (Science Abstracts, 
23B, pp. 170—171, Abstract No. 343, March, 1920—Abstract.) 
See Rapio Review Abstract No. 286, April, 1920. 


914. Vacuum Vatves. S. Dushman. (British Patent 139748, July 30th, 
1919. Convention date, March 4th, 1919. Patent not yet accepted 
but open to inspection.) 

A special construction for three-electrode valves is described in which the cylindrical anode 
is provided with heat radiating fins extending outwards from its outer surface in a radial 

direction. These fins may also be employed for supporting the апойе. ї 


* See Rapio Review Abstract No. 911. 
T See also Rapro Review Abstract No. 016. 
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915. THERMIONIC VALVE Apparatus. Siemens-Schuckertwerke. (British 
Patent 141706, April 12th, 1920. Convention date, January 27th, 
1017. Patent not yet accepted but open to inspection.) 

In the apparatus described the cathode is in the form of a cylindrical tube placed inside and 
concentric with the cylindrical anode and heated by electronic bombardment from a filament 
placed within it. It is stated that with four amperes through the internal filament, and with a 
voltage of 630 volts between the filament and the cathode, the cathode tube will be maintained 
at a temperature of about 2000° C. 


916. Тнввміохіс Vacuum Vatves. General Electric Company, U.S.A. 
(British Patent 140166, February roth, 1919. Patent accepted 
March 25th, 1920.) 

A special construction of cylindrical anode is described provided with external projecting 
strips for attachment to the supports.* 


917. IMPROVEMENTS IN THREE-ELECTRODE VACUUM TUBES. J. Erskine-Murray. (Science 
Abstracts, 23B, p. 110, Abstract No. 206, February, 1920—Abstract.) 
See Rapio Review Abstract No. 351, May, 1920. 


918. Notes on THE Puysics or THE THERMIONIC Улук. Т. С. Petersen. 
(Wireless World, 7, pp. 566—572, January ; pp. 638—644, February ; 
pp. 686—690, March, 1920. Technical Review, 6, p. 342, April 13th, 
1920—Abstract.) 

The author first summarises the kinetic theories leading up to the emission of electrons 
from hot metals in a vacuum and thence to the reasons for the use of tungsten filament for 
such purposes. The effect of the grid is considered in detail by graphical methods showing 
the potential gradient between the filament and the anode. ‘The effect of altering the grid 
diameter and mesh is shown by these curves as well as the influence of the distance between 
the anode and the filament. A summary is given of the methods by which the operating 
constants—plate current, amplification factor, internal resistance, etc., may be determined 
from the structural dimensions ; and finally various methods of exhaustion are summarised. 
This last section includes a description of the Langmuir condensation pump and of the method 
of freeing the electrodes and glass from absorbed gases by electronic bombardment. 


919. HARDENING Амр SOFTENING or Томс Tuses. W. H. Eccles; C. L. Fortescue and C. В. 

Bryan; В. S. Gossling. (Technical Review, 6, p. 301, March 3oth, 1920— Abstract.) 

See Rapio Review, І, pp. 103—104, November, 1919; p. 160, December, 1919; and 
pp. 261—264, February, 1920. 


920. EFFECT or THE POTENTIAL DROP ALONG THE FILAMENT OF A VALVE ON ITS SENSITIVE- 
NESS AS A DETECTOR. E. Green. (Science Abstracts, 238, p. 222, Abstract No. 434, 
April, 1920—Abstract.) 
See Rapiro Review, І, pp. 276—278, March, 1920, for original paper. 
921. Tue Oscictatine Triope. В. C. Clinker; R. Whiddington; W. H. 
Eccles. (Radio Review, 1, pp. 159—160, December, 1919; pp. 211— 
212, January, 1920.) 
922. AN INVESTIGATION OF THE INTERNAL ACTION оғ A Triope Varvr. W. H. Eccles. 
(Science Abstracts, 23B, p. 171, Abstract No. 344, March, 1920—Abstract.) 
See Каро Review Abstract No. 425, June, 1920. 
923. QUANTITATIVE STUDY or TRIODE GENERATORS WITH THE AID оғ OSCILLATION CHARAC- 
TERISTICS. Н. С. Möller. (Science Abstracts, 23B, pp. 110—111, Abstract No. 208, 


February, 1920—Abstract.) 
See Rapio Review Abstract No. 293, April, 1920. 


* See also Rapio Review Abstract No. 914. 
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924. TrRiopE NOMENCLATURE AND SvMBOLS. L. B. Turner; E. V. 
Appleton; C. L. Fortescue; A. Press. (Radio Review, 1, pp. 314 
—316, March, 1920; p. 368, April, 1920; pp. 417—418, May, 1920 ; 
р. 472, June, 1920.) | 


925. On THE Input IMPEDANCE OF THE THERMIONIC AMPLIFIER. S. Ballan- 
tine. (Physical Review, 15, pp. 409—420, May, 1920.) 

At low frequencies the input impedance of the three-electrode vacuum tube behaves as a 
pure capacity. At radio frequencies due to the internal capacity between the grid and plate 
electrodes, the input impedance resembles the combination of a condenser shunted by a con- 
ductance. The effective capacity and conductance of the input circuit are then functions of 
the load in the plate circuit. An inductive load may give rise to a negative input impedance 
and consequent feed-back or regenerative effects. These effects may be of especial importance 
in the design of cascade amplifiers. 

For the purpose of the mathematical development the input impedance is defined as the 
ratio of the impressed E.M.F. to the current in the grid circuit, this current arising partly 
through the direct effect of the applied E.M.F. and partly through the feed-back effect of the 
grid-plate capacity of the valve. The input impedance Z may be expressed as g + joC 
where g and C represent the effective conductance and capacity respectively. Equations are 
developed for the general case in which the load in the plate circuit consists of an inductance 7; 
in series with resistance R. In this case if the inductance is large its self-capacity becomes 
additive to the plate-filament capacity of the tube if the external resistance in series with it 
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is negligible, as is generally the case. The effective input conductance and capacity are 
then shown to be as follows :— 


_ Cn (ЗІ + BY) {Cm + (С + On)} + BRoOm — Іш 
[R + RoÍ1 — «100 + Са) + [L + ЕВО + On)? 


[ {B+ во + ег (0, + On(1 + ва) — RAR + 800404 
+ «Е (Cs + Om) | (tl? + В), — L ки +а+о,)| ] 


Са + От 
[R + Ro{ 1 — e*L(Oi + С.) + ofL + RRO: + Om)? 


where C, = 010, + Саб, + C102; C, = grid-filament capacity; 0, = grid-plate 
capacity ; Оз = plate-filament capacity; Во = the internal plate-filament resistance of 
the tube, and по = magnification factor of the tube (= ер/ед). 

The occurrence of the term w?(,, іп the numerator of the expression for g indicates the 
importance of the regenerative action at high frequencies or short wavelengths. Curves are 
given in the original showing the values of g and C for various load inductances and resistances. 
Two typical curves are given in Figs. 3 and 4 and from these the range of regeneration, when 
the input conductance is negative, can be seen. Ап important practical deduction is that for 
any given frequency it is possible to load the plate circuit with such an impedance for the 
purpose of linking two valves in cascade that the input circuit exhibits no effect other than 
that of an increase in capacity, and hence a cascade amplifier constructed on these lines would 
then be perfectly stable. 

Two special cases are also considered in the paper in which the load in the plate circuit 
consists of either pure inductance or pure resistance. This leads to a simplification of the 
general equations given above. The conditions for maximum regeneration are also investi- 
gated and the following equation derived for the value of 1, required to give the maximum 
regeneration :— 


and С = 


рв 90 kV RIO ES 
e[ Кога ( Сэ + On) (С! + e) — po] 
where С" = On, + ш (Са + Om). 


It is also shown from the equations and curves that if the inductance in the plate circuit is 
large—such as may arise from a pair of telephones—and has considerable distributed capacity 
a very considerable loss may be involved owing to the increase in the effective input con- 
ductance caused thereby. 


926. AMPLIFIERS. М. Latour. (Science Abstracts, 238, p. 67, Abstract No. 137, January, 
1920—Abstract. Electrical World, 75, p. 1015, May 1st, 1920—Abstract.) 
See Rapio Review Abstract No. 291, April, 1920. 


927. AMPLITUDE OF THE OSCILLATING CURRENT SET UP BY AuDION GENERATORS. A. Blondel. 
(Science Abstracts, 238, p. 110, Abstract No. 207, February, 1920—Abstract.) 

See Rapio Review Abstract No. 418, June, 1920. 

928. Tur Aupion as А Circuit Exrement. Н. W. Nichols. (Physical 
Review, 13, pp. 404—414, June, 1919.) 

The functional equations for the three element valve or audion are used to deduce the 
actions taking place in any circuit containing the valve. It is assumed that the variations 
in the plate and grid currents and voltages are small. The equivalent circuits are developed 
which would replace the valve, and thus avoid the necessity of utilising the complete set of 
equations for all problems. The importance of the grid-filament and the grid-plate capacities 
is emphasised by two examples dealing respectively with the input impedance of the audion 
amplifier and with amplification at high frequencies. 


929. COUPLING or MurTI-sTAGE AMPLIFIERS. С. W. О. Howe. (Science Abstracts, 23B, p. 223, 
Abstract No. 435, April, 1920—Abstract.) 
See Rapio REVIEW, г, рр. 279—280, March, 1920, for original paper. 
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930. “ THe THERMIONIC VALVE AND ITs DEVELOPMENTS IN RADIOTELE- 
GRAPHY AND TELEPHONY” ву J. А. Freminc. В. 5. Gossling. 
(Radio Review, 1, pp. 156—159, December, 1919. Annales des Postes, 
Télégraphes et Téléphones, 9, pp. 148—149, March, 1920—Abstract.) 


Review of book with the above title. 


931. TECHNICAL DEVELOPMENT OF THERMIONIC TRANSMITTERS. L.Kühn. (Science Abstracts, 
23B, p. 110, Abstract No. 205, February, 1920—Abstract.) 
See Rapio Review Abstract No. 295, April, 1920. 


932. EARLY DEVELOPMENTS OF THE THREE-ELECTRODE Tuse. H. J. van 


der Bijl; M. Latour. (Radio Review, 1, pp. 467—469, June, 1920.) 


933. Tue VrRsaTILE Aupion. H. W. Secor. (Electrical Experimenter, 7, 


pp. т000--1001 and ro80— 1083, February, 1920.) 
A popular resumé of some of the many radio and other uses to which the three-electrode 
valve may be put. 


934. Ом THE DETECTING EFFICIENCY or THE THERMIONIC Detector. H. J. van der Bijl. 
(Revue Générale de l Électricité, 6, pp. gox— 502, October 18th, 1919—Abstract.) 
See Каро Review Abstract No. 296, April, 1920, for the original paper. 


935. DETECTING Errictency or THE THERMIONIC DETECTOR. H. J. van der Bijl. (Science 
Abstracts, 23B, p. 111, Abstract No. 212, February, 1920—Abstract.) 
See Rapio Review Abstract No. 296, April, 1920. 


936. OSCILLATIONS OBTAINED BY COUPLING А SECONDARY CIRCUIT WITH A 
Continuous Wave Уліуе OscinzATOR. J. S. Townsend. (Radio 
Review, 1, pp. 369—374, May, 1920. Technical Review, 6, p. 506, 
June 8th, 1920—Abstract. Science Abstracts, 238, p. 326, Abstract 
No. 642, June 30th, 1920—Abstract.) 


937. DETERMINATION оғ CHARACTERISTIC Curves OF TRIoDES. В. Jaeger. (Science Abstracts, 
23B, p. 111, Abstract No. 210, February, 1920—Abstract.) 
See Rapio Review Abstract No. 297, April, 1920. 


938. Vacuum Tuse Rectiriers. J. Nienhold. (British Patent 142870, 
May 8th, 1920. Convention date, May 15th, 1917. Patent not yet 


accepted but open to inspection.) 

Relates to a vacuum tube rectifier in which the cathode is made of electro-positive material 
such as potassium or potassium alloy and.is of large surface while the anode or anodes have 
a small surface and are made of electro-negative materials such as copper or constantan. 
Argon, helium or neon at a pressure of from o:1 mm. to 20 mm. may be used in the tubes. 


939. Rapio Compass. P. H. Boucheron. (Electrical Experimenter, 7, 
pp. 906—907 and 949—951, January, 1920.) 

Some of the early experimental work of direction finding is referred to together with the 
subsequent development of the apparatus by the U.S. Navy. In the apparatus described a 
loop aerial is employed consisting of twelve turns of wire on a frame 6 feet square.* A map is 
also given of the location of the various D.F. stations in the neighbourhood of New York 
Harbourf. In conclusion the theory of the apparatus is briefly touched upon. 


* See Клого Review Abstract No. 360, May, 1920, for further description. 
T See also Ranto Review Abstract No. 203, February, 1920, and No. 710, August, 1920. 
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940. THe FEssENDEN Реговоз (WireLess Compass): A CAUTION As To Its Use. В. A. 
Fessenden. (Science Abstracts, 238, pp. 164—165, Abstract No. 332, March, 1920— 
Abstract. Elektrotechnische Zeitschrift, 41, p. 420, Мау 27th, 1920—Abstract.) 

See Rapiro Review Abstract No. 431, March, 1920. 


941. RADIO GUIDES ӛнір THROUGH Foc. (Electrical Experimenter, 7, p. 781, 
December, 1919.) 


A short note relative to the work of the radio compass stations at New York. 


942. Wiretess Direction Finpinc. J. Erskine-Murray and J. Robinson. 
(British Patent 141190, April 10th, 1919. Patent accepted April 15th, 
1920. Engineer, 129, р. 544, May 21st, 1920—Abstract.) 
This relates to an arrangement for receiving signals from a special transmitting station of the 
“ radiophare " type in which signals are successively sent out in various directions of the com- 
pass. In the receiving apparatus described the detector is coupled to the aerial circuit through 
one or other of two variable couplings which may be adjusted until the strength of signals 
received from two successive transmissions may be made equal. The position of the variable 
coupling coil then enables a more accurate bearing to be obtained by giving the ratio of 
the signal strengths for two adjacent compass positions. It is also suggested that the pro- 
gramme of the transmitting station may be varied so that series of pairs of signals are sent 
out at adjacent compass positions thus enabling a better adjustment of the receiver to be 
obtained. The comparison of the signal strengths at the receiver may be arranged to be 
effected automatically in synchronism with the signals from the transmitting station. 


943. WiRELEss Direction Еімгімс. М.Р. Hinton. (La T.S.F. Moderne, 1, pp. 26—27, 
April, 1920—Abstract.) 
See Каро Review Abstract No. 359, May, 1920. 


944. How то MAKE A Direction Finner. (Wireless World, 8, pp. 244— 
246, June 26th, 1920; pp. 287—289, July roth, 1920.) 
P details are given of a radiogoniometer for use with a Bellini-Tosi type of 
aerial. 


945. Directive WinrLEss бісмдімікс. С. K. Chandler. (British Patent 
141587, July 25th, 1010. Patent accepted April 22nd, 1920.) 

The arrangement described provides for the correction of errors in direction finding on 
aircraft arising from the currents induced in stay wires or other metal parts of the aeroplane. 
To effect the correction a fixed coil is mounted in the machine near the rotating D.F. aerials 
and is connected up through a rotating switch which is mechanically coupled to the rotating 
aerials so that the circuit of the correcting coil is closed through appropriate condensers to 
effect the desired correction for all positions of the D.F. aerial. 


946. AERIAL ARRANGEMENTS FOR WIRELESS S1cNALLING. Е. A. Kolster. 
(British Patent 138318, December 24th, 1919. Convention date, 


January 30th, 1919. Patent not yet accepted but open to inspection.) 
For directional reception a frame aerial А, Fig. 5, is used in series with a tuning condenser 
C. In order to obtain an asymmetric reception curve one or other terminal of the tuning con- 
denser is connected to earth through a tuning inductance L. The switch S; enables this earth 
connection to be changed over from one terminal to the other so as to reverse the direction of 
maximum reception. The frame aerial A should be formed with its turns well separated so 
that it has a large capacity to earth but very small distributed turn-to-turn capacity. The 
mid-point of the frame coil may be connected to a wire gauze grid B to increase the capacity 
to earth, or alternatively it may be connected to a separate elevated aerial. The switch 5 in 
the diagram serves to connect the detecting valve V either across the coil L for standby recep- 
tion, or across the tuning condenser C for directional working. 
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Alternatively the single frame coil A may be replaced by two coils at right angles to each 
other or by a toroidal coil with movable connections to the tuning condenser. In this last 


5, 
L 
E 


case the direction of reception when the movable connections have been adjusted to give 

maximum signal strength is given by the direction at right angles to the line bisecting the angle 

between the two movable connections. 

947. On тне Сомтометитс Functions APPLICABLE To Directive AERIALS. А. E. Blondel, 

(Science Abstracts, 23B, рр. 64-65, Abstract No. 131, January, 1920—Abstract.) 
See Rapio Review, г, рр. 1—10, 58—60, 110—123, October, November, and December, 

1919. Also Rapro Review Abstract No. 362, May, 1920. 

048. WirELEss Direction Finpinc. Е. E. Smith. (Radio Review, 1, 
pp. 415—417, May, 1920. Technical Review, 6, p. 506, June 8th, 
1920— Abstract.) 


949. Tur Heicur or THE Aurora BOREALIS As DETERMINED AT THE 
Нліорв Овзквудтову, Norway. L. Vegard and O. Krognes, 
(Journal of the Franklin Institute, 189, p. 674, Мау, 1920.) 

A large number of measurements are summarised. These all indicate an average height of 

108-2 kilometres for the lower boundary of aurore. The observations centre particularly 

round two heights of 100 and 106 kilometres respectively. 


осо. PROPAGATION оғ ELECTROMAGNETIC WAVES OVER A PLANE CONDUCTING SURFACE. 
Н. Weyl. (Elektrotechnische Zeitschrift, 41, p. 400, May 20th, 1920—Abstract.) 
See Клого Review Abstract No. 433, June, 1920. 
951. THe TRANSMISSION oF ELECTROMAGNETIC WAVES ABOUT THE EARTH. 
J. Erskine-Murray. (Wireless World, 7, pp. 651—664, February, 
1920. Technical Review, 6, p. 263, March 16th, 1920—Abstract. 
Telegraphen- und Fernsprech-Technik, 9, p.65, July, 1920—Abstract.) 
See Rapiro REVIEW, г, pp. 237—239, February, 1920, for abstract. 
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952. ON THE PROPAGATION OF ELECTROMAGNETIC WAVES AROUND THE EARTH. В. van der 
Pol. (7? Elettrotecnica, 7, pp. 269—270, May 25th, 1920—Abstract.) 
See Rapio Review Abstracts No. 48, November, 1919, and No. 513, July, 1920. 


953. DETECTOR FoR WIRELESS TELEGRAPHY.  J.Nienhold. (German Patent 
304373, August 4th, 1917. 
Patent granted October 17th, 
1919. Jabrbuch Zeitschrift 

fiir drahtlose Telegraphie, 15, 


PP. 509—510 June, 1920-- 
Abstract.) 

A detecting circuit (see Fig. 6) in which the 
valve tube which contains a rare gas or a mixture 
of rare gases is provided with three electrodes. 
The cathode K is coated with an alkali metal 
and a constant glow discharge is maintained 
between it and the sieve-like anodem. Rectifica- 
tion is obtained by utilising the asymmetrical 
electrical properties of the space between m 
and a. 


954. Розавъв ETHER STRUCTURE. l Bu 
O. J. Lodge. (Philosophical 
Magazine, 39, pp. 170—174, February, 1920. Science Abstracts 
23A, p. 194, Abstract No. 505, April, 1920—Abstract.) 


955. Tus Stoxes-Prancx Етнкк. L. Silberstein. (Philosophical Magazine, 
39, рр. 161—170, February, 1920. Science Abstracts, 23А, pp. 194— 
195, Abstract No. 506, April, 1920—Abstract.) 


956. VARIATION IN DIRECTION or PROPAGATION OF Томс ELecrroMaGNETic Waves. A. Н. 
Taylor. (Science Abstracts, 238, p. 163, Abstract No. 331, March, 1920—Abstract. 
Electrical World, 76, p. 137, July 17th, 1920— Abstract.) 

See Клото Review Abstract No. 430, June, 1920. 


957. RaprorELEGRAPHY IN THE Аірв. (Engineering, 109, p. 753, June 4th, 
1920.) 

A brief note referring to a series of experiments conducted in Switzerland last year between 
forty radio stations distributed over the country to determine the influences of topographical 
features on the range of signalling. The wavelengths used varied between 600 and 2,100 
metres. Extensive plains, valleys, lakes and water courses were found to increase the range, 
while high mountain chains and expanses of firm grainy snow diminished the range. Best 
signals were obtained with a wavelength between goo and 1,800 metres. 


959. MEASUREMENT OF THE STRENGTH OF THE ELECTROMAGNETIC FIELD or TRANSOCEAN 
WinELEss Sienats. С. Vallauri. (L'Elettrotecnica, 7, рр. 298—300, June 1 5th, 1920.) 
See editorial article, pp. 652—655 of this issue, where the paper is discussed. 


959. ON THE QUANTITATIVE DETERMINATION oF ELECTROMAGNETIC RADIATION FIELD 
STRENGTH IN WinELEss TeLEGRAPHY. Н. R. von Traubenberg. (Science Abstracts, 
23B, p. 163, Abstract No. 330, March, 1920—Abstract. Electrical World, 75, 
p. 1437, July 19th, 1920—Abstract.) 
See Rapio RevieW Abstract No. 303, April, 1920. 


960. Rerraction oF ErscrRic Waves. Т. L. Eckersley. (Radio 
Review, 1, pp. 421—428, June, 1920.) 
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961. Harmonics ім C.W. Transmission. L. A. T. Broadwood. (Wireless 
World, 8, pp. 82—91, May Ist, 1920; pp. 125—131, May 15th, 1920. 
Technical Review, 6, p. 548, June 22nd, and p. 59o, July 6th, 1920 
—Abstract. Science Abstracts, 23B, p. 323, Abstract No. 637, 
June 30th, 1920—Abstract.) 


Paper read before the Wireless Society of London. For abstract see Rapio REVIEW, 1, 
р. 385, May, 1920. The full paper and discussion are given in the Wireless World, above 


reference. 


962. RECEIVING APPARATUS FoR WIRELESS TELEGRAPHY AND TELEPHONY. 
C. Bardeloni. (British Patent 141185, April 3rd, 1919. Convention 
date, October 3rd, 1916. Patent accepted April 15th, 1920.) 

This specification provides for the combination of a crystal detector such as carborundum 
with a thermionic valve. Various modifications are described in which the crystal may be 
connected in shunt to the tuned secondary circuit of the receiver and with the grid filament 
circuit of the valve, or it may be connected in series with the grid circuit between the tuned 
secondary circuit of the receiver and the filament of the valve. Other modifications show the 


addition of a variable voltage from a potentiometer between the crystal and the grid of the 
valve. 


963. NOTES on THE DrsicN AND Construction оғ Vacuum TUBE AmpPLI- 
FIERS. |. Scott-Taggart. (Wireless World, 7, pp. 440—444; pp. 505 
—508; рр. 671—673; pp. 701—704; November, December, 
February and March, 1920. Technical Review, 6, p. 86, January 20th ; 
p. 301, March 3oth, 1920—Abstract. Telegraphen- und Fernsprech- 
Technik, 9, рр. 34—35, Мау, 1920—Abstract.) 

This article is divided into three parts dealing respectively with low frequency amplifiers, 
detector amplifiers and resistance amplifiers. In the first constructional details are given of a 
suitable inter-valve transformer and a set of diagrams of the arrangements for various stages 
of amplification. In the second part the arrangement of the amplifier when one of the valves 
is provided with a grid condenser and leak for detection purposes is set out in detail, together 
with particulars of the Marconi type 55 seven-valve amplifiers, and the use of a multi-stage 
amplifier with the circuits of each coupling transformer tuned to the oscillating frequency to 
increase the selectivity. In the third section resistance capacity coupling is described and its 
modification using a choke coil to replace the resistance. 

964. An AMPLIFIER EMPLOYING THERMIONIC INTER-VALVE RESISTANCE 
CourLiNGs. J. Scott-Taggart. (Electrical Review, 86, рр. 549—550, 
April joth, 1920. Science Abstracts, 238, p. 325, Abstract No. 640, 
June 30th, 1920—Abstract.) 

The article describes a multi-stage amplifier of the resistance—capacity coupled type in 
which the usual anode resistances are replaced by two-electrode valves. This arrangement 
provides a convenient means for adjusting the value of the anode resistances by varying the 
filament heating currents of the two-electrode valves. It is also stated that a certain degree 
of limiter action may be obtained by choosing suitable values for the filament currents for the 


two-electrode valves. 

965. Тнквмтомтс VALVE AMPLIFIERS. L. B. Turner. (British Patent 
139867, February 17th, 1919. Patent accepted March 18th, 1920.) 

This specification deals with the coupling of two valves by resistances in the manner 

described in the Варто Review by the same author.* 

966. Tue KarLiROTRON, AN APERIODIC NEGATIVE-RESISTANCE TRIODE 
"CownaiNATIoN. L. B. Turner. (Radio Review, 1, pp. 317—329, 
April 1920. Technical Review, 6, p. 424, May 11th, 1920—Abstract. 


Science Abstracts, 238, p. 277, Abstract No. 545, May 31st, 1920— 
Abstract.) 


* “The Kallirotron,” L. B. Turner (Rapio REviEW, 1, рр. 317—329, April, 1920). 
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967. Tug KarriRoTRON, AN ÅPERIODIC NEGATIVE-RESISTANCE TRIODE 
Compination. С. B. Ehrenborg; L. B. Turner; M. Latour. 
(Radio Review, І, pp. 469—472, June, 1920, also pp. 523—524, 
July, 1920.) 


Correspondence relative to the paper by L. B. Turner with the above title.* 


968. ON BLonDEL’s AND Tourv's NEW ARRANGEMENTS OF POTENTIOMETRIC AMPLIFIERS. 
A. Blondel and M. Touly. (Science Abstracts, 238, p. 88, Abstract No. 166, February, 
1920—Abstract.) 

See Rapio Review Abstracts Nos. 236 and 237, March, 1920. 


969. А Non-Rapiatine WIRELESS RECEIVING CIRCUIT ror THE RECEPTION OF DAMPED AND 
UNpAMPED Waves. J. Scott-Taggart. (Science Abstracts, 23в, pp. 168—170, Abstract 
No. 340, March, 1920—Abstract. Revue Générale de l’ Électricité, 7, p. 133D, April 24th, 
1920—Abstract.) l 
See Клого Review Abstract No. 170, January, 1920. 


970. HETERODYNE Reception. H. Salinger. (Science Abstracts, 238, pp. 109—110, Abstract 
No. 204, February, 1920—Abstract.) 
See Rapio Review Abstract No. 370, May, 1920. 


971. RECEIVERS ror WIRELESS TEeLreGrapHy. С. S. Franklin. (Science Abstracts, 238, 
pp. 166—167, Abstract No. 336, March, 1920— Abstract.) 
See Rapio Review Abstract No. 375, Мау, 1920. 


972. ON THE MEASUREMENT OF THE FREQUENCY OF ÁcOUsTIC AND ELECTRIC OSCILLATIONS 
By A Beat Метнор. R. Weller. (Science Abstracts, 23A, p. 234, Abstract No. 596, 
April, 1920—Abstract.) 
See Rapio Review Abstract No. 308, April, 1920. 


973. TuE REPRODUCTION or SPEECH BY GALENA WITH UNDAMPED WAVES. 
Mlle. P. Collet. (Comptes Rendus, 170, pp. 1378—1380, June 7th, 1920.) 


Some experiments on the acoustic effects of galena crystals are dealt within this note. For 
the purposes of these experiments a platinum point attached to the membrane of a phono- 
graphic reproducer was mounted so as to rest on the galena crystal. The valve transmitter 
generating undamped waves was coupled to a circuit containing the galena contact, which 
latter circuit also included either an interrupter or a microphone transmitter. It was found 
that the interruptions of the circuit from the speech impressed on it by the microphone trans- 
mitter were faithfully reproduced by the diaphragm attached to the galena.  Heterodyne 
phenomena were also evidenced when the galena was coupled to two transmitters operating 
at different frequencies. The phenomena appear to have a thermal origin. 


974. On Two Түрив or Current Rectirication ву Garena. Mlle. Р. 
Collet. (Comptes Rendus, 170, pp. 1489—1491, June 2151, 1920.) 

As a result of experiments on rectification of alternating currents and oscillations by galena 
contacts, the author distinguishes two types of rectification ; (1) brought into play when the 
applied energy is small and (2) when the input power is large. The first case corresponds to 
that of ordinary wireless reception and' the phenomena shown agree with those customarily 
associated with this detector when used in wireless receivers. It was found that the rectified 
current was always in one direction for the sensitive points and flowed from the crystal to the 
metallic point. The output of continuous (rectified) current was found to bear no very 
definite relation to the input energy, but in the case of the second type of rectification where 
the input was larger it was found that all points, whether “sensitive” or not in the usual 
meaning of the term, gave a rectified current in the reverse direction to that given by the ordi- 
nary sensitive points working with feeble oscillations. This second type of rectification was 
in the opposite direction to the first and the sensitive spots on the crystal showed rectification | 
first in one direction, subsequently falling to zero and then in the other direction as the input 
energy was steadily increased. This phenomenon explains the observation that such crystals 


* Капо REVIEW, I, pp. 317—329, April, 1920. 
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working at their most sensitive points are not such good rectifiers for strong signals as for 
weaker ones. 


975. Tue Rectiryinc Action or Crystat Detectors. M. J. Huizinga. 
(Phystkalische Zeitschrift, 21, pp. 91—96, February 15th, 1920. 
Elektrotechnische Zeitschrift, 41, p. 573, July 22nd, 1920—Abstract.) 

A description of experiments to support the view that the rectification is due to electrolysis. 

On passing 1 milliampere between a platinum point and molybdenum sulphide a drop of liquid 
forms at the point; with the point negative the liquid is blue and an analysis gives MoO,, 
4 MoO;, 6 H,O, with the point positive the resistance is much higher, the liquid is brown and 
gives MoS, and MoS, Pyrites and many other minerals gave somewhat similar results, 
although in some cases no liquid is apparent, due to its evaporation as soon as it is produced. 
The rectification takes place without any apparent decomposition, however, in a vacuum, in 
hydrogen or under paraffin. The author gives a number of characteristic curves and comes to 
the conclusion that the rectification is in all cases due to electrolytic action and to the different 
polarisation potentials in the two directions. The electrolytic action takes place in an adhering 
gas or moisture film. The actual resistance of such detectors is much less than is usually 
assumed and is usually less than 100 ohms. 


976. Тнекміокіс Vatves—A WireLess Beit Carr. (Limes Engineering 
Supplement, No. 548, p. 207, June, 1920.) 

A description is given of the Fleming five-electrode valve which is designed particularly for 
use as a relay for calling up a wireless receiving station.* 

977. THERMIONIC Үліме Rerays. К, Whiddington. (British Patent 
141900, April 15th, 1919. Patent accepted April 29th, 1920.) 

In the use of a triode valve as a trigger relay in which the received impulse triggers off 
the valve oscillations, it has previously been customary to restore the circuits to their normal 
state by mechanically interrupting one of the oscillatory circuits.] It is now proposed to 
overcome this complication by inserting in one of the oscillatory circuits a resistance, such as 
an incandescent lamp having a positive resistance-temperature coefficient. The rise in the 
resistance of the lamp when oscillations start is then sufficient to quench them out again as 
soon as the received impulse ceases. l 


978. А New АмріІғІЕК. F. Marin. (L’Electricien, 49, pp. 132—134, 
September 30th, 1919. Science Abstracts, 238, pp. 67—68, Abstract 
No. 138, January, 1920—Abstract.) 

An electromagnetically operated microphonic relay amplifier is described for use in radio 
reception. The apparatus includes an electromagnet which is joined in circuit in place of 
the usual telephones, with a reed fixed near the coil of the magnet. The reed carries a small 
carbon block which forms the microphonic contact with a small point of carbon. 

See also Rapiro Review Abstract No. 169, January, 1920. 


979. WIRELESS EMERGENCY Cartine Device For Surs. (Elektrotech- 
nische Zeitschrift, 41, p. 456, June roth, 1920.) 

In view of the newspaper reports of the Marconi automatic calling device | it is pointed out 
that the Telefunken Company have been developing such a device since 1916. It consists 
of an automatic sender and an accurately tuned relay receiving device which operates an alarm. 
980. RECORDING OSCILLOGRAPHS AND AMPLIFIERS OF EXTREMELY Low FREQUENCY : THEIR 

APPLICATION TO THE RECORDING OF RADIOTELEGRAPHIC SiGNALs. H. Abraham and 
E. Bloch. (Technical Review, 6, p. 341, April 13th, 1920—Abstract. Science Abstracts, 
23B, p. 277, Abstract No. 546, May 31st, 1920—Abstract. Electrical World, 75, 
p. 1325, June 5th, 1920.) 

See Кар Review Abstract No. 439, June, 1920. 


* See Rapio Review Abstract No. 805, September, 1920. 
T See Rapio Review Abstract No. 196, February, 1920, and No. 688, August, 1920. 
| See Rapio Review Abstract No. 551, July, 1920. 
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981. Wiretess Receivinc Systems. Е. Е. W. Alexanderson. (British 
Patent 142074, December Ist, 1919. Convention date, April 18th, 
1919. Patent not yet accepted but open to inspection.) 

This specification deals with the use of a loop aerial receiver in which the loop functions both 
as a closed circuit aerial and as an open elevated aerial by reason of its capacity to earth.* 
In order to secure effective balancing of the currents set up in these two circuits, phase adjust- 
ing arrangements of the type previously described by the same author t are included in each 


circuit. The movable coils of the phase adjuster are joined in series and then finally coupled 
to the detecting valve or other receiver. 


982. Wiretess Recrivinc Apparatus. С. P. Ryan. (British Patent 
141269, August 28th, 1919. Patent accepted April 15th, 1920.) 

In order to increase the selectivity of a receiver and to eliminate the effects of atmospherics 
and undesired transmissions the receiving telephone is placed opposite the end of a resonating 
tube to which is attached a microphone transmitter coupled to a vibrating relay. This last is 
connected to a second relay for operating a Morse inker or other recording apparatus. The 
resonant tube may be tuned to the acoustic frequency of the signals by opening or closing 
perforations along its length. 


983. Tue Reception ок Waves or Very Hicu Frequencies. Е.Н. Arm- 
strong. (British Patent 137271, July 9th, 1919. Convention date, 
December 30th, 1918. Patent not yet accepted but open to inspec- 
tion.) 

In a receiver for waves of very high frequencies the incoming oscillations are first hetero- 
dyned to a supersonic frequency, which may be of the order of a million per second. These 
supersonic beat currents are then amplified and subsequently detected in any known manner 
as for example by a second heterodyne to give beats of audible frequency. Alternatively the 
second heterodyne may produce beats of a lower supersonic frequency which may again be . 
amplified before the final detection. The method is said to reduce interference from atmo- 
spherics. 


984. Томс Wave RECEPTION AND THE ELIMINATION OF STRAYS ON Ground Wires. A. Н. 
Taylor. (Science Abstracts, 238, pp. 167—168, Abstract No. 338, March, 1920-- 
Abstract.) 

See Елріо Review Abstract No. 313, April, 1920. 


985. Томс Waves AND STRAYS on ROGERS ANTENNE. А.Н. Taylor. (Electrical Experi- 
menter, 8, pp. 58—59 and 1oo—101, May, 1920.) 
Paper read before the Institute of Radio Engineers. See Варо Review Abstract No. 
313, April, 1920, for abstract. 


986. LocariNc SUBMARINES BY AupIon бірнохікс. E. T. Jones. (Elec- 
trical Experimenter, 7, p. 782, December, 1919.) 

By the term “siphoning” the author apparently refers to re-radiation from the receiving 
aerial arising from the heterodyning oscillations. The possibility of locating submerged 
submarines by detecting such radiation from their receiving apparatus by means of a suitable 
D.F. apparatus is referred to. Experiments are quoted in which a receiving set was enabled 
to hear a distant station, whichit was normally unable to do, when a large antenna in the 
neighbourhood was picking up those signals with a heterodyne receiver, the radiation from 
the heterodyne apparently also conveying the received signal with it to the second receiving 
station. It is stated that experiments have also shown that at the second receiver a large 
proportion of the atmospheric interference heard in the main receiver was eliminated, and the 
author therefore suggests that useful results might be obtained by including a small frame 


* Compare Rapio Review Abstract No. 75, Fig. 6, December, 1010, and Abstract No. 525, 
July, 1920. 
T See Rapiro Review Abstract No. 75, Fig. 4, December, 1919. 
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aerial in series with the secondary tuned circuits of the main receiver so that the radiation 
from those circuits, and from the heterodyne receiver coupled thereto, might be picked up 
on a second receiver using a frame aerial. Some considerable distance may separate the two 
receivers. 


987. TuHermionic Ampuiriers. H. D. Arnold. (British Patent 141040, 
March 29th, 1920. Convention date, January 5th, 1919. Patent not 
yet accepted but open to inspection.) 

The arrangement described is a filter circuit for the elimination of disturbing impulses, 
atmospherics, etc. It depends upon the fact that a shock impulse acting upon a resonant 
circuit which has considerable damping sets up in it oscillations of a different frequency from 
the sustained waves to which the circuit is resonant. One arrangement is indicated in Fig. 7. 


In this diagram damping resistances В, В, Rs are shown inserted in series with various 
resonant circuits which are tuned to the incoming wave, the circuits Б, 1, C; ; Е, L, C4; 
R; Le Ce, etc., being tuned to this signal frequency so that the undesired impulses are filtered 
out before reaching the amplifying valve V,. The amplified currents are then passed through 
L; С, and a second series of filtering circuits Rg Ly Со; Lio Со; Ry Lir Сп etc., to the detecting 
valve V, and the receiving telephones T. Alternatively if desired an amplifying valve may 
be placed between each unit of the filtering circuits, that is to say such a valve may replace 
І Cz; 1 C;, etc., so that there is a single resonant filtering circuit only between each valve. 


988. Tue UxrcowrRor Receiver. R. E. Thompson. (Science Abstracts, 23B, p. 70, Abstract 
No. 141, January, 1920—Abstract.) 
See Rapio Review Abstract No. 442, June, 1920. 


989. Recervine Circuits. H. J. J. M. de Bellescize. (La T.S.F. Moderne, 1, рр. 24—25; 
April, 1920—Abstract.) 
See Варто Review Abstract No. 244, March, 1920. 


990. Erecrric RELAvs. М. Latour. (British Patent 138383, October rgth, 
1918. Convention date, October 4th, 1917. Patent accepted 


February 12th, 1920.) 
Provision is made for indicating the failure of the filament of a vacuum tube amplifier by 
means of a relay having a winding in series with the filament and a shunt winding connected in 


parallel with it. 


991. Вкскіуінс Apparatus. Marconi’s Wireless Telegraph Company, 
Limited. (French Patent 501493, July 8th, 1919. Published April 

15th, 1920.) 
The specification describes improvements in receivers for wireless telegraphy which are 
specially adapted for short wavelengths. For further particulars, see British Patent 


134246.* 
ОМЕР NEN i eee TEE 


* Rapio Review Abstract No. 375, Мау, 1920. 
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992. Recetvinc Apparatus. Е. H. Armstrong. (French Patent 501511, 
December 30th, 1918. Published April 16th, 1920.) 
The specification describes a method of receiving very high-frequency oscillations. 
For particulars, see British Patent 137271.* 


993. ĪMPROVEMENTS IN Apparatus FoR Recervinc Rapiro SIGNALS. 
R.A. Weagant. (British Patent 138586, Мау 22nd, 1919. Convention 
date, February 7th, 1919. Patent not yet accepted but open to 
inspection.) 

The subject matter of this patent was described in the article referred to in Rapiro Review 
Abstract No. 18 of October, 1919. See also Rapio Review Abstracts Nos. 62, November, 1919, 
312, April, 1920, and 440, June, 1920, where further references are given to descriptions of 
similar apparatus. 


994. PossiBILITIES OF CoNCEALED REckiviNG Systems. А. Н. Taylor. (L’Elettrotecnica, 7, 

pp. 229—230, May sth, 1920—Abstract.) 

See Клото Review Abstract No. 41, November, 1919. 

995. AERIALS, THEIR Forms AND Uses. P. R. Coursey. (Wireless World, 
8, pp. 109—112, May 15th, 1920. Technical Review, 6, p. 589, July 
6th, 1920—Abstract.) 

A resumé of the various types and forms of aerials including some of the advantages of frame 
aerials for reception purposes. 

996. FRAME Arriats rog Reception. Е. Blake. (Wireless World, 8, 
pp. 152—155, May 29th ; pp. 184—188, June 12th, 1920.) 

The article reviews the mode of operation of the frame aerial for reception purposes and the 
leading features in its design for any particular conditions. The latter section follows in a 
general outline the method developed by A. S. Blatterman.t In conclusion the article deals 
with some constructional details of a frame aerial suitable for experimental work. 


997. AERIAL ARRANGEMENTS FOR Wire.ess Reception. R. А. Weagant. 
(British Patent 138588, August 6th, 1919. Convention date, 
February 7th, 1919. Patent not yet accepted but open to inspection.) 

Further arrangements are described in this specification for minimising the effects of atmo- 
spheric interference in wireless reception (see Варо Review Abstract No. 993). The par- 
ticular arrangement specified comprises the combination of a vertical non-directive aerial with 
one or more frame or horizontal directive aerials to that the currents induced by the atmo- 
spherics may be cancelled out while the signal current remains. The coupling between the non- 
directive and directive aerials may be in one direction or the other as most effective for elimi- 
nating the atmospherics, or alternatively one of the directive aerials may be rotated to give 
the best results. In a modification the directive aerials (crossed frames, or crossed horizontal 
aerials) may be connected to earth through a tuning inductance so that they, act both as direc- 
tive aerials and as elevated non-directive aerials. Compare also Каро Review Abstract 

No. 946 in this issue. 


998. Tre RELATIVE ÀÁDvANTAGES oF ELEVATED ÅNTENNÆ, Loop AERIALS 
AND UNDERGROUND WIRES FOR THE RECEPTION OF RADIO-SIGNALS. 
G. W. O. Howe. (Radio Review, 1, pp. 175—178, January, 1920.) 


999. RaDIOTELEPHONY AND THE ÁEROPLANE. W. О. Mundt. (Electrical 
Experimenter, 7, pp. 1030 and 1088—1089, February, 1920.) 


The author deals with various patterns of aerial that have been employed on aeroplanes. 
The directional effects of the different arrangements are also considered. 


* Варо Review Abstract No. 983 in this issue. 
t See Каро Review Abstract No. 144, January, 1920. 
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1000. SUBMARINE’s UNDERWATER Rapio. (Electrical Experimenter, 7, 


pp. 661 and 707, November, 1919.) 

Reference is made to some tests between an aeroplane and a submerged submarine carried 
out by the United States Navy, and particulars are given as to the loop aerial arrangement 
used on the submarine. A three-stage valve amplifier is used for receiving and a 1 kW. 
quenched spark for transmission from the submarine. А 0:0005 microfarad condenser is 


joined in series with the loop. 
See also Варо Review Abstract No. 452, June, 1920. 
тоот. TALKING THROUGH THE TREES. G. O. Squier. (Technical Review, 6, 
р. 263, March 16th, 1920—Abstract.) 


See Rapio Review Abstract No. 317, April, 1920. 
1002. SrATIoNARY Waves on Wires. P. R. Coursey. (Wireless World, 8, 
pp. 127—129, June 26th, 1920.) 
The arrangements for setting up stationary waves on a long helix are described together 
with some of their applications. 


1003. Tue CarcuLaTIoN oF Loaps ік Guy Ropzs ғов Masts ок Towers. 
C. Т. С. Hooper. (Science Abstracts, 238, p. 112, Abstract No. 213, 


February, 1920—Abstract.) 
See Rapiro REVIEW, г, pp. 161—173, January, 1920, for the original article. 


1004. Some Wrretess Wowpzms. A. A. Campbell Swinton. (Wireless 
World, 8, pp. 47—57, April 17th, 1920. Technical Review, 6, p. 459, 
June 22nd, 1920—Abstract.) 
Presidential address delivered to the Wireless Society of London on February 27th, 1920. 
With a few introductory remarks the author briefly reviewed the method of operation of a 
triode valve and valve amplifying arrangements used with frame aerials for the reception 
of wireless telegraph and telephone messages. Six oscillograms of the wave form of speech 
sounds are included, together with a description of the arrangement used at the meeting for 
the reception and recording of messages from the Eiffel Tower and other large wireless stations. 
Valve amplifiers were used throughout with a special low frequency amplifier for the final stage 
which operated a siphon recorder. 
1005. WIRELESS AND THE Press—Tue Daily Mails WIRELESS STATION. 
(Wireless World, 8, pp. 222—224, June 26th, 1920.) 
A brief illustrated description of the installation at the Пайу Mail office. А 48-turn frame 
aerial is employed in conjunction with a seven-valve receiving amplifier. 


1006. WirELess Raitway Sicnatuinc. Н. Gewecke. (Telefunken Zeitung, 
4, No. 20, pp. 56—60, May, 1920.) 
A brief description of a system for automatically operating on a locomotive apparatus 
controlled by wireless signals. 
1007. Recent Procress ім WimRzLrss TELEGRAPHY. J. О. С. Cann. 
(Sournal of the Engineering Institute of Canada, 3, pp. 239—243, 
May, 1920.) 
This paper gives a very brief resumé of wireless development under the following heads :— 
Historical, giving the leading points in the development from 1867 onwards ; spark system ; 
arc system, including illustrations of 125 kW. arc installation at Newcastle (Canada); the 
dynamic method (H.F. Alternator); the thermionic valve method; direction finding ; 
static elimination, including a brief reference to Weagant’s receiving aerials; high speed 
transmission. 
1008. THE WIRELESS TELEGRAPH APPARATUS OF THE GERMAN ARMY. A.Salomon. (Science 
Abstracts, 23B, p. 171, Abstract No. 344, March, 1920—Abstract.) 
See Варто Review Abstract No. 447, June, 1920. 
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: 1000. Mopern American Rapio Apparatus. (Electrical Experimenter, 7, 
pp. 779 and 828—829, December, 1919.) 
A short general illustrated article briefly describing some of the wartime developments 
made by the General Electric Company, U.S.A.* 


тото. Nauen RADIO oPENED AGAIN. (Electrical Experimenter, 7, p. 662, 
November, 1919.) 
Refers to some of the changes made іп the Nauen station during the war. Illustrations of 
. the aerial system and of some of the radio plant are included. 


Jorr. A Two-Stace АмрілғІЕВ. (Everyday Engineering Magazine, 9, 
р. 153, May, 1920) 


An illustrated description of an instrument manufactured by the Wireless Improvement 
Company. 


1012. A Form or Inpuctioniess Нісн Resistance. М. W. McLachlan. 
(Radio Review, 1, pp. 429—431, June, 1920. Technical Review, 6, 
р. 659, August 3rd, 1920—Abstract.) 


1013. THE ImporTANCE oF THE NAUEN STATION DURING THE War. H. 


Schlee. (Telefunken Zeitung, 3, No. 17, pp. 61—64, August, 1919.) 


A well-illustrated descriptive article. 


1014. New Marconr WinELEss CALL Sicnat Device. (Elektrotecbniscbe Zeitschrift, 41, p. 358, 
May 6th, 1920—Abstract. Also, Electrical Experimenter, 7, p. 1283, April, 1920— 
Abstract. Scientific American, 122, p. 697, June 26th, 1920—Abstract.) 

See Клого REvIEw, І, p. 293, March, 1920, and also Abstract No. 551, July, 1920. 


1015. WinzLEss Society or Lonpon’s Exuisition ОЕ Apparatus. (Wireless 
World, 7, pp. 517—530, December, 1919.) 

Illustrated descriptions are given amongst others of the following apparatus :— 

R.A.F. Wireless Telephone Set; R.A.F. Direction Finding Apparatus with Amplifier ; 
Scott-Taggart—Ediswan Small Power Full-Wave Rectifying Valve; Scott Taggart's Continuous 
Wave Transmitting Valve ; Two- and Three-Valve Amplifiers and a Valve Relay constructed 
by H. Burberry ; Modern Marconi D.F. Apparatus ; Leslie Miller's Portable Quenched Spark 
‘Transmitter; F. Read’s Crystal and Valve Receivers; and a Frame Aerial and Seven-Valve 
Amplifier used by Mr. Campbell Swinton. 


1016. A Sensitive TrELEGRAPH Receiver. W. E. Peirce. (Telegraph and 
Telephone Age, 38, p. 286, May 16th, 1920.) 
A short note re a new receiver applicable for radio work, in which the diaphragm is arranged 
to operate an ordinary telegraph sounder or tape recorder. 


1017. SELECTIVE WimRELEss CowTRor. Е. L. Deeter. (Electrical Experi- 
menter, 7, pp. 1284 and 1344, April, 1920.) 
A receiving arrangement is described using either a coherer or a two-stage amplifier and 
relay to control the distant apparatus. 


1018. Tue Wineress Houwp. (Scientific American, 122, p. бот, May 29th, 
1920. English Mechanic, 111, p. 244, June 18th, 1920. Wireless 
W orld, 8, p. 351, July 24th, 1920—Abstract.) 


A short illustrated description of a small vehicle controlled by radio. 


* See also Rapio Review Abstract No. 27, November, 1919. 
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1019. INVISIBLE Optic TELEGRAPHY BY INFRA-RED Rays. H. de Gallaix. 
(Electrical Experimenter, 7, pp. 1126—1127 and 1214—1215, March, 
1920.) 

The development of an apparatus used during the war for telegraphic signalling by infra- 
red rays is described in this article. At the transmitter a small searchlight was used which 
contained an electric incandescent or an arc lamp as the light source. The front of the search- 
light was fitted with a special glass containing manganese salts which while allowing the 
infra-red rays to pass was practically opaque to ordinary visible light. At the receiver the 
beam was concentrated by means of an ordinary type of parabolic searchlight mirror on to 
an endless paper strip which was driven round by clockwork so that it passed through the 
focus of the mirror. The paper band was sensitised by a special material containing zinc- 
sulphate. The effect of the infra-red light caused the paper to turn black and the incoming 
signals were thus read directly from the moving tape. In its path the paper tape was passed 
through a second vessel in which it was subjected to blue light froma lamp. This had the 
effect of obliterating the black marks made by the infra-red rays and of rendering the paper 
ready for the receipt of fresh messages. Using searchlight mirrors one foot in diameter 
transmission has been achieved over about half-a-mile. Larger distances may be covered 
with a more powerful light source. 


1020. SELENIUM AND SOME oF Its Uses. P. R. Coursey. (Wireless World, 
8, рр. 145—149, May 29th, 1920.) l ; o 
Some of the chemical properties of selenium are passed in review and its applications to 
photometry, light telegraphy and telephony, control of mechanism by light rays, the optiphone 
and for recording and reproducing sound waves are dealt with in turn. 


1021. Елвтн Current ТЕІЕСКАРНҮ. М. Jouaust. (Bulletin de la Société 
Ф? Encouragement pour Industrie Nationale, 131, pp. 408—415, 
November—December, 1919. Revue Scientifique, 58, p. 307, May 
22nd, 1920—Abstract.) | 

The principle of the methods of earth current telegraphy (T.P.S.) developed by the French 

Military Radiotelegraphic Service are detailed, together with a brief historical resumé of the 

method, concluding with a description of apparatus employed. Three-electrode valve ampli- 

fiers were used for reception. 


1022. Аткскағт WIRELESS Apparatus: Скүѕтлі Receivers. J. J. Honan. 
(Wireless World, 7, pp. 605—608, January, 1920; pp. 665—667, 
February, 1920; pp. 729—731, March, 1920.) 

а 2. description of Mark III. and Mark IV. short wave receiving tuners used Бу 

the K.A.. 


1023. THE Імрекілі. WinELEss CoMwrrrEE (1919—1920). (Wireless World, 8, р. 306, 
July 10th, 1920—Abstract. Nature, 105, p. 594, July 8th, 1920—4A bstract. Electrical 
World, 76, p. 124, July 17th, 1920——Abstract. Electrical Review, $7, p. 16, July 2nd, 
1920, and pp. 42—43, July 9th, 1920—Abstract. Telegraph and Telephone Age, 38, 
p. 413, August 1st, 1920—-Abstract. Electrician, 85, pp. 1 and 42, July 2nd, 1920 
—Abstract.) 
Report of the Committee published July, 1920—see Rapio Review, 1, pp. 543—544, 
August, 1920, for Abstract. 


1024. THE First ÅNNUAL CONFERENCE OF AMATEUR WIRELESS SOCIETIES. 
(Wireless World, 8, pp. 16—29, April 3rd, 1920.) 
A verbatim report of the proceedings at the conference held on February 27th under the 
chairmanship of Sir Charles Bright. 
1025. А бууерізн RADIOTELEGRAPHIC Invention. (Revue Générale de 
P Électricité, 7, p. 358, January 31st, 1920.) 


A brief note relative to a new method of secret transmission, but giving no details. 
3G 
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1026. WinELEss TELEGRAPHY Laws (Japan). (Journal Télégrapbique, 44, 
PP- 42—45, March 25th, 1920; pp. 57--59, April 25th, 1920.) 


1027. JAPANESE Laws re Private Wiretess IwsrALLATIONs. (Journal 
T élégraphique, 44, pp. 91—96, June 25th, 1920.) 

1028. Tue Use or WIRELESS FOR CowMERCIAL Trarric. Н. Thurn. (Elektrotechnische 

Zeitschrift, до, рр. 545—546, October 3oth, 1919. Revue Générale de l’ Électricité, 7, 


р. 85D, March 13th, 1920, Abstract.) 
See also Rapio Review Abstract No. 539, July, 1920. 


1029. TELEGRAPHY, TELEPHONY AND WIRELESS IN THE Wan: REPORT OF 
THE CHIEF SIGNAL OFFICER FOR THE YEAR ENDED JUNE 30TH, 1919. 
(Science Abstracts, 23B, pp. 214—215, Abstract No. 425, April, 1920 
—Abstract.) 


1030. WinELEss Момревѕ AT Woorwicu. (English Mechanic, 111, p. 256, 
June 25th, 1920.) 

_ A brief resumé of some of the wartime work carried out at the Signals Experimental Estab- 

fishment, Woolwich. 


1031. WirELESS TELEGRAPHY ON Rarrwavs. (Telefunken Zeitung, 3, 


No, 18, pp. 36—44, October, 1919.) 


A popular description of the use of wireless telegraphy and telephony in railway work. 


1032. DEVELOPMENT OF THE TELEFUNKEN Company. (Telefunken Zeitung, 
3, No. 18, pp. 29—35, October, 1919.) 


Figures are given illustrating the growth of the company especially since 1914. 


1033. WIRELESS STRAYS FROM THE Unknown. G. Marconi. (Electrician, 
84, p. 122, January 3oth, 1919.) | 
A letter protesting against recent journalistic statements as to “ mysterious messages 
from the unknown,” and disclaiming assertions as to messages being received from Mars. 


1034. Tue Discovery or ErrcrRoMAcNETIC Waves. Р. R. Coursey. 
(Wireless World, 8, pp. 73—75, May Ist, 1920. Technical Review, 6, 
р. 549, June 22nd, 1920—Abstract.) 
This article briefly recapitulates Hertz’s work leading up to the discovery of electromagnetic 
waves, and the arrangement used for setting up stationary waves on a long horizontal wire. 


1035. French КАПГОТЕГЕСВАРНС System. (Electrician, 84, p. 678, 
June 18th, 1920.) 

A few particulars are given of the French Government scheme for supplementing the 
existing telegraph and cable systems of communication. It is divided into four sections ; the 
first to provide communication with ships at sea; the second to maintain regular communica- 
tion with the mountainous regions of the country; the third to provide communication 
between France and other parts of Europe and the fourth for linking up the French colonies, 
including Saigon, Noumea and Tahiti, Stations capable of transmitting 7,500 miles are to be 
erected at Paris, Saigon and Tahiti and less powerful stations at a number of other colonial 


points. 
1036. A Trip wiru A Rapiro МАМ across THE ÁTLANTIC. J. Dunsheath. 
(Telegraph and Telephone Age, 38, pp. 334—335, June 16th, 1920.) 


This article includes many references to wireless stations picked up at various distances 
across the Atlantic and concludes with a plea for the publication of more exact information 
as to the transmission times of meteorological messages, time signals, ice warnings, press, etc. 


OcT., 1920. Boox Reviews 683 


1037. REGULATIONS FOR SMALL WireLEss Receivine STATIONS.  (L'Élec- 
tricten, 50, р. 115, March 151, 1920.) 
Gives particulars of the conditions under which the use of receiving stations is allowed in 
France for reception of time signals, etc. 


1038. Tue Lancmurr Conpensation Pump. І. A. Hawkins. (Everyday 
Engineering Magazine, 9, p. 130, May, 1920.) 
A brief illustrated description. 


1039. THE Times oF TRANSMISSION OF THE PRINCIPAL WIRELESS STATIONS. 
P. Corret. (La T.S.F. Moderne, 1, рр. 50—56, May, 1920.) 

An extensive time table is given of transmissions from the most important European 
stations. The call letters, wavelength and type of wave are given, together with an indication 
of the nature of the messages sent (time signals, weather signals, press, etc.). The particulars 
given are corrected to the end of May, 1920. 


1040. Direction Finpinc Stations. (Admiralty Notice to Mariners, 
Nos. 363 and 524, 1920. Wireless World, 8, p. 104, May Ist, 1920— 
Abstract.) 


Information is furnished with regard to the working arrangements and regulations for 
Direction Finding Stations available for use by the Mercantile Marine in Great Britain, Canada, 


United States, France, Italy, and Germany. 


1041. Report or THE AcTivITIES OF THE “ TELEGRAPHEN-VERSUCHSAMT " 
IN 1919. K. W. Wagner. (Telegraphen- und Fernsprech-Techntk, 
pp. 1—7, April, 1920; and pp. 21—28, May, 1920.) 

A brief review of the researches carried out by the telegraph administration, covering the 
whole field of telegraphy and telephony including wireless. Fourteen researches are reported 
dealing with wireless telegraphy and telephony, including—Installation of high-speed Wheat- 
stone wireless system Berlin—-Weimar ; The freedom from disturbance of different receiving 
systems ; Measurement of small coupling; High-voltage Wehnelt rectifiers; Effect of 
sending by altering the wavelength ; The constancy of frequency in different sending systems ; 
Wireless telephony ; Reception on the telegraphone ; Tests on the Eilvese receiving system. 


2. Books. 


GRUNDRISS DER FuUNKEN-TELECRAPHIE IN GEMEINVERSTANDLICHER DAR- 
STELLUNG. Ву Dr. Franz Fuchs. (Munich: №. Oldenbourg. 
Eleventh Edition, 1920. Рр. 73. Price 2.75 М.) 

This is the eleventh edition of this little book which was written during 
the war for the instruction of the great number of untrained men who were 
drafted into the wireless signalling section of the army. It assumes no 
previous electrical knowledge and seeks by means of simple explanations 
and numerous diagrams to give a knowledge of the principles involved. 
Although dealing principally with the systems employed by the German Army 
in the field, a section has been added describing the uses of three electrode 
valves. The last two diagrams in the book are somewhat misleading, but 
on the whole it is an admirable book for the purpose in view. The descriptions 


are clear and to.the point and the diagrams are excellent. 
G. W. O. H. 
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De INvLoED VAN EEN GEIONISEERD Gas ОР HET VOORTSCHRIJDEN VAN 
ELECTROMAGNETISCHE GOLVEN EN TOEPASSINGEN DAARVAN ОР 
HET GEBIED DER DRAADLOOZE TELEGRAPHIE EN BIJ METINGEN AAN 
GLIMLICHTONTLADINGEN. [THe Errect or Ionisep Gas ON THE 
TRANSMISSION OF ELECTROMAGNETIC WAVES AND ITS APPLICATION 
то RaprorELEGRAPHy.] Ву Balth. van der Pol. (Haarlem, 1920. 
Pp. 87) [In Dutch] 

This reprint of a thesis presented by the author for the degree of Doctor 
of Science of the University of Utrecht, contains a description of a number 
of experiments made with the object of determining the effect of ionisation 
on the conductivity and apparent dielectric constant of a gas. Ап introduc- 
tion 1s devoted to a review of the work of Macdonald, Poincaré, Nicholson 
and Watson on the mathematical side and of Austin on the experimental 
side of long distance transmission. The theory of Eccles and Salpeter that 
the velocity of the waves in the upper atmosphere is increased owing to the 
effect of free ions in reducing the apparent dielectric constant is then explained 
and a number of experiments with the object of confirming this theory are 
then described. The wavelengths employed were only between 1 and 2 
metres, and the method consisted in setting up waves on a pair of Lecher 
wires by means of a Blondlot oscillator, except that in a few tests a three- 
electrode valve was employed. Attempts to transmit waves through a 
cylinder enclosing the Lecher wires failed owing to the absorption which 
occurred when the gas was ionised to any considerable extent. The method 
was therefore modified and the properties of the ionised gas determined by 
connecting the open ends of the Lecher wires through a vacuum condenser, 
the dielectric of which could be ionised by means of separate electrodes 
supplied at a high voltage. The Lecher wires were made telescopic and the 
P.D. was explored by means of a Duddell thermo-galvanometer connected 
to two exploring wires which were not brought into actual contact with the 
Lecher wires. A glow discharge was maintained within the vacuum condenser 
and the gas pressure varied between 0:345 and 2:19 mm. ; this altered the 
reflecting properties of the condenser and changed both the distance to the 
first potential node, and the amplitude of the oscillation set up. From the 
results obtained the author considers that under some conditions there is a 
reduction of the apparent dielectric constant of the ionised vacuous space. 

The author investigates the transverse conductivity of a vacuum tube 
along which a glow discharge takes place. The tube is placed between two 
electrodes which partially embrace it; these two electrodes constitute a 
condenser, and by sliding the tube along between the electrodes the conduc- 
tivity can be determined at any point without the use of exploring wires. 


G. W. O. H. 


ERRATA. 


Page 593, Fig. 6, the equation of the dotted curve should read: 
tan б = — ТБ? sin 2ф. 
Page 625, footnote, for Abstract No. 8 read Abstract No. 830. 
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Recent Commercial Developments in Wireless. 
By Major H. MACCALLUM. 


The remarkable technical progress which has taken place during the last 
few years has resulted in the development of a number of new commercial 
types of apparatus, some representative examples of which it is the purpose 
of the present article to describe. 

The three-electrode valve of the “ hard ? or high vacuum type, perfected 
during the war, has formed the basis of a number of new patterns of trans- 
mitter. Standard continuous wave telegraph sets of from 100 watts up to 
25 kW, in which the three-electrode valve is the source of high frequency 
energy, are commercially available at the present time, and installations of 
higher powers are in course of erection at commercial wireless stations. 
Standard wireless telephone sets up to 6 kW are also obtainable, and in- 
stallations rated at from 15 to 25 kW have passed through prolonged tests 
under actual working conditions, with entirely satisfactory results. 

In the smaller sets it is usual to combine the telephone and telegraph 
equipment, the source of high frequency energy being common to both, and 
the whole apparatus with the exception of the motor generator and main 
switches is conveniently mounted in a wooden cabinet, together with the 
receiving gear. An example of this type of construction will be found in 
the 14 kW cabinet set described later. Smaller sets are arranged for mount- 
ing in vehicles or for transport by pack animals, and the special conditions 
on aircraft are met by the provision of extremely light and compact apparatus 
obtaining its energy from a wind driven generator and operated by a remote 
control unit, which allows the transmitting and receiving gear to be housed 
in a convenient and suitable position, while the key, microphone, telephones, 
switches, etc., are easily accessible to the operator. Larger installations are 
usually built up on the panel or switchboard principle, and arranged in such 
a manner that the continuous wave transmitter is a complete unit, which 
can be adapted to telephony by the addition of an extra control panel 
carrying the modulating and control valves, together with certain refine- 
ments unnecessary in the case of telegraphy. The 6 kW installation described 
later 1s an example of the type referred to. 

In the Mercantile Marine the necessity for an installation which is primarily 
suitable for use in connection with safety of life at sea, has resulted in the 
production of a combined “spark” and C.W. transmitter, by means of 

3H 
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which S.O.S. calls can be sent out on “spark” while long distance com- 
munication is handled on continuous waves. 

Early this year the ex-German liner Imperator was fitted with C.W. and 
* spark? by way of experiment, the apparatus being of a pattern not 
specially designed for installation on board ship. The results obtained were 
of such an encouraging and satisfactory nature that a number of other liners 
were fitted and a new set was specially designed to meet the demand. Sim- 
plified diagrams of connections of this set are shown in Figs. 1 and 2, and its 
general appearance is indicated in the photographs, Figs. 3 and 4. 
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Fic. 1.—Connecrions оғ 14 kW Sure Ser (Sparx. Circurrs). 


The aerial, earth connections and manipulating key are common to the 
two transmitters both of which derive their power from the same 500 cycle 
motor alternator with step-up transformer. 

Arrangements are provided for working the set at reduced power in order 
to minimise interference when communicating short distances. This is 
effected on the C.W. transmitter by means of a power regulating choke with 
a sliding core which is connected in series with the primary of the power 
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transformer. When the “spark” transmitter is in use, this choke is short 
circuited and reduction of power if required is obtained by cutting out one 
or more of the spark gaps. 
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Fic. 2.—Connections or 1j kW Suir Ser (C.W. Cincurrs). 
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The change-over from one system to the other is effected by means of two 
switches. The first connects the power transformer secondary to the 
* spark " or C.W. transmitter, as desired, making the necessary connection 
to the middle point of the secondary winding in the latter case, and also 
connects the two primary windings of the transformer in parallel for C.W. 
working or in series for “ spark ” working. 

The spark transmitter is designed to transmit on all wavelengths between 
220 and 800 metres, the normal adjustments being for 450, 600 and 800 
metres. 

The three-way wave-changing switch which can be clearly seen in Fig. 3 
controls both the primary and secondary circuits and enables a quick change 
to be made from any one of the three selected wavelengths to any other. 

The inductance windings are of a patented flat spiral type, consisting of a 
double strip of copper bedded into the surface of an ebonite panel. Tappings 
can be made to any point of the spiral by means of special plugs which fit 
into the space between the two strips. 

3H2 


688 THE RADIO REVIEW Vor. I. 


The quenched gap is of the standard Marconi pattern illustrated in Fig. 5. 

In this set space is saved by the employment of mica condensers in place 
of the more bulky glass and oil insulated pattern. These are contained in 
cast metal containers fitted with terminal covers of insulating material. 
The wave-shortening condenser, in the aerial circuit Fig. 1, is of the same 
type as that of the primary unit, differing only in capacity. When not 
required this condenser can be short circuited by means of a switch provided 
for the purpose. 

The correct syntonisation of the primary and secondary circuits is indicated 
by means of an aerial ammeter of the transformer type. 

The continuous wave transmitter is of the auto-coupled type. The 
circuits and valves are mounted on a panel (Fig. 4) approximating in size to 
that of the spark set. 

The 500 cycle high tension alternating current supplied by the secondary 
winding of the transformer (Fig. 2) is rectified to a unidirectional pulsating 
current by means of rectifying valves of the M.R. 1 pattern (Fig. 6) operating 
on the familiar principle of the Fleming valve. By the use of two such 
rectifying valves and a centre connection from the transformer secondary 
winding a pulsating current of frequency equal to double the initial frequency 
is produced. Pulsations or ripples are smoothed out by a condenser of 
0-25 „Е capacity which is shunted with a large iron cored choking coil. 

The oscillator (Fig. 7) is a single three-electrode valve of the M.T. 4 pattern, 
the anode of which is fed by the smoothed-out, rectified, alternating current, 
through an air cored choking coil the function of which is to obstruct the 
return of high frequency currents to the supply circuit. The negative 
connection to the filament is through a milliammeter which indicates the H.T. 
feed current to the valve. 

The grid of the power valve is connected through a reaction coil and 
condenser, shunted by a high resistance leak, to the secondary of the power 
valve filament lighting transformer and to earth. The reaction coil is 
electromagnetically coupled to the aerial tuning inductance. 

The filaments of the two rectifying valves and the power valve are lighted 
from a small step-down transformer, the primary winding of which is con- 
nected to the slip rings of the rotary converter through two choke coils 
provided with adjustable iron cores. Опе of the chokes is used for adjusting 
the brilliancy of all three valve filaments by alteration to the primary voltage 
of the transformer. The power valve filament current is also adjustable 
independently of the rectifiers by means of a sliding resistance. 

The function of the other choke, termed the compensating choke, is to 
prevent fluctuation in the brilliancy of the valves due to the drop in voltage 
which occurs when current is taken from the power transformer in the act 
of sending Morse signals. This chokeis in series with the lighting transformer 
primary winding so long as the sending key is up, but is short circuited 
through a pair of subsidiary contacts when it is depressed. A second pair 
of contacts disconnects the grid condenser leak when the key is up and the 
main contacts make and break the primary of the power transformer thus 
controlling the high tension feed to the anode of the power valve. 
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Fic. 8.—14 kW CABINET SET For TELEGRAPHY AND TELEPHONY. 
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A 14 kW combined telegraph and telephone set of the cabinet type is illus- 
trated in Fig. 8, and Fig. 9is a simplified diagram of the transmitting circuits. 

Referring to Fig. 8, the rectifying, control and power valves are mounted 
on a recessed panel of insulating material at the left of the cabinet. The 
receiving apparatus is on the right, and the transmitting aerial tuning 
inductance and reaction coil are supported on insulators at the top of the 
cabinet. The aerial and feed ammeters are seen on the left hand and centre 
respectively, the “ send-receive " change-over switch at the centre, and in 
front of this the two transmitting keys. The speaking microphone hangs 
inside the cabinet on the extreme right. 


OSCILLATOR 


JOOUOUOUODOQUUOC 


Ж АТ. 
2, 
ЧЕ 
ssm 
iz 
АС. 
MAINS, 
S 
Oj AERIAL 


e) 


^ иск 
= 
- 


Fic. 9.—1} kW CABINET Set, SIMPLIFIED DIAGRAM or CONNECTIONS. 


Bz = Buzzer; Lı = Compensating Choke; T; and Тз = Filament Transformers; М = Microphone; Та = 
Power Transformer; L2 = Smoothing Choke; K = Tonic Train Key: ATI = Aerial Tuning Inductance, 


For continuous wave telegraphy a Morse key interrupts, at one and the 
same time, the reaction circuit and the “ anode ” supply circuit, thus throw- 
ing the valve in and out of action without change of wavelength. The 
Morse key is also fitted with contacts which are connected across a choke 
coil in the primary circuit of the filament lighting transformer, so that the 
filament current remains constant during transmission. The key carries a 
switch at one side; for continuous wave transmission the switch is thrown 
over to the left, for telephony and “ tonic train " it is moved to the right. 

For telephony the amplitude of the oscillations due to the first valve is 
controlled by a second valve of the same size and pattern, fitted on the left 
hand side of the large valve panel. This valve has in its “ grid” circuit 
the secondary of an audio-frequency transformer, the primary of which is 
wound in two halves, one half being connected to a microphone, the other 
to a high note buzzer and a Morse key. A six volt accumulator battery 
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is common to both circuits. The high note buzzer and key are provided for 
use when it is desired to communicate by the “tonic train” method with 
stations which are not equipped for the reception of C.W. signals. 

The anodes of the oscillator and control valves are fed with high tension 
direct current, which is obtained from the secondary winding of a step-up 
transformer by means of an M.R. 1 rectifying valve in circuit with a suitable 
smoothing-out choke. Referring to Fig. 9 it will be seen that the feed 
current passes through an iron cored “ speech choke," which, on account of 
its high 1nductance, allows of speech frequency potential variations at the 
valve anodes while the high tension supply potential remains practically 
constant. A step-down transformer supplies current to the filaments of the 
three valves. This transformer has two independent secondaries, one of 
which feeds the oscillator and control valves, and the other, which is specially 
insulated, supplies the rectifier. 

The receiving circuits are arranged for the reception of continuous wave, 
phone, tonic train, or spark signals, over a wavelength range from approxi- 
mately 300 to 3,000 metres. When sharp tuning is not required the receiver 
is connected as in Fig. 10, which represents the normal watching ог“ stand- 
Бу” circuit. A multiple contact switch is provided, by operating which a 
secondary circuit may be introduced, and the connections rearranged as in 
Fig. 11. Under these conditions the tuning is very much sharper and the 
liability to interference is correspondingly reduced. 
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Fic. 10.—STAND-BY RECEPTION. Fic. 11.—Tunep RECEPTION. 
14 kW СлвімеЕТ SET, DIAGRAM or TuwiNG CIRCUITS. 


The terminals A G and F (Figs. 10 and 11) are connected to the correspond- 
ing terminals of a standard seven valve amplifying detector, which is incor- 
porated in the receiving panel of the right hand side of the cabinet. 

The change from transmission to reception or vice versa is effected in- 
stantaneously by a single movement of a multiple-contact change-over 
switch. The normal position of the switch handle is to the left, in which 
position the aerial is connected to the receiving tuner and the battery circuit 
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through the microphone broken, the set being in a condition for reception. 
On throwing the switch to the right, the aerial is put to earth through the aerial 
ammeter, the battery is connected to the microphone or buzzer, and the alter- 
nating current circuit is closed first through the lighting transformer, and then 
through the power transformer, thus placing the set in condition for trans- 
mission. When the switch is in the “ receive ” position, it will be noted that 
the transmitting gear is isolated from the supply, but it remains alive owing 
to the charge held by the smoothing-out condensers in the rectifier circuit. 
Provision is made for discharging these condensers by means of an ebonite 
press button, which is operated before live parts of the gear are handled. 
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Fic. 12.—Simpiiriep DIAGRAM or CONNECTIONS OF SEVEN VALVE AMPLIFYING 
DETECTOR. 
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The amplifying detector is of the aperiodic pattern, that is to say its 
resonance curve has no definite peak though the amplification value is not 
uniform over the whole range of wavelengths. Fig. 12 1s a simplified diagram 
of connections, on referring to which it will be seen that there are six valves 
of the “ V. 24” pattern and one “О” valve connected in cascade. The 
grids of the first six valves, which are for high frequency amplification, are 
connected to the slider of the potentiometer across the filament lighting 
battery. The “ О? valve, which is for rectification, is designed to work at 
a definite potential and is connected, through its transformer, to the negative 
side of the filament. 

The cascade connection referred to above is an arrangement whereby each 
successive valve increases the amplitude of the oscillation applied to it by a 
constant ratio, the resulting amplification following a geometrical progression. 
The incoming oscillations are led to the grid of the first valve, the plate 
circuit of which is connected 024 the primary of a specially designed trans- 
former to the positive pole of the H.T. battery, and thence to the filament. 
The amplified oscillation from the plate circuit of one valve is transferred to 
the grid of the next by the use of two distinct principles, the combination of 
which increases the efficiency of the amplification. Firstly, there is the 
inductive coupling of the two windings of the transformer ; secondly, owing 
to the high resistance of the coils, there is an appreciable voltage drop in the 
plate circuit when current is flowing, and by means of small condensers and 
also of the capacity between the windings themselves, variations of this 
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voltage drop, caused by incoming signals, are communicated to the grid of 
the next valve. 
: With most cascade arrangements there is a tendency for the valves to 
generate persistent oscillations, and if this occurs the amplification is greatly 
reduced. In the pattern here described, such a tendency can be checked by 
suitably adjusting the potentiometer. 

The reaction coil in the tuner, Figs. 10 and 11, is connected to the terminals 
С and Е of the amplifier from which the connecting bar is removed. If the 
reaction coupling is made sufficiently tight, the valves will be caused to 
generate high-frequency persistent oscillations, thereby rendering possible 
the “ auto-beat " method of continuous wave reception. Also by carefully 
adjusting the reaction so that the valves are on the point of oscillation, the 
amplification of spark signals may be increased. 
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Fic. 14.—6 kW Vatve Ser, SIMPLIFIED DIAGRAM oF CONNECTIONS FOR 
TELEGRAPHY. 


As previously indicated valve transmitters of larger output are designed 
on the lines of a power switchboard, and in the case of the 6 kW set, with a 
description of which it is proposed to complete this brief survey of modern 
commercial developments, all the switches necessary for the operation of 
the set are controlled by electrically operated relays. 
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The complete installation consists of the following :— 

(z) The panel on which are mounted the valves and relays with their 

i-- circuits and accessories (see Fig. 12). 

(6) The aerial and closed circuit inductances with coupling and reaction 
coils, variometer and closed circuit condenser. 

(c) The power unit, consisting of a motor generator, wound to suit the 
available direct current voltage and generating alternating current 
at 500 volts 300 cycles. 

(d) The remote control unit, consisting of the manipulating key, the 
microphone and three switches. 
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Fic. 15.—6 kW Vatve Ser, SIMPLIFIED DIAGRAM OF CONNECTIONS FOR TELEPHONY. 


Four rectifying valves of the type illustrated in Fig. 17 are used in providing 
the high tension supply for the valve anodes by the method previously 
described. 

The standard equipment is designed for transmission on wavelengths from 
2,000 to 4,000 metres, with an aerial of 0:003цЕ capacity, having a natural 
wavelength of 1,000 metres, With larger aerials correspondingly greater 
wavelengths are obtainable without loss of efficiency. 

The essential features of the circuits are shown in the simplified diagrams 
in Figs. 14 and 15. The first illustrates the working of the set when used 
for telegraphy, while the second shows the circuit for telephony. 
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The switching arrangements and relays by which the change over from 
telegraphy to telephony is effected, are shown in a more detailed diagram 


(Fig. 16). 
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Fic. 16.—6 kW Vatve Ser, DETAILED DiAGRAM оғ CONNECTIONS. 


The aerial circuit is loosely coupled to a closed oscillation circuit, consisting 
of an inductance and a condenser, which derives energy from a bank of 
6 three-electrode valves of the type illustrated in Fig. 7. For the sake of 
simplicity only one valve is shown in Fig. 14. The common grid circuits 
of these valves are coupled back to the main circuit, so that continuous 
oscillations are produced when the power is applied. 

Transmission of telegraphic signals is effected by means of a Morse key 
controlling a relay switch in the high-tension supply circuit, the spark at 
the contacts being quenched by an air blast from a motor-driven blower. A 
second relay, also operated by the key, short circuits an adjustable choke in 
series with the primary of the filament transformer in order to maintain the 
filament current constant while transmission is taking place. 

The diagram in Fig. 15 illustrates the principle of working of the telephonic 
control circuit. Unnecessary complication has been avoided in this diagram 
by omitting most of those parts of the circuit which remain the same for 
telegraphy and telephony, and showing only one modulator valve instead 
of three in parallel. 

The three modulating valves and single control valve can be seen in 
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Fig. 13 mounted on the extreme right hand section of the panel. It will be 
seen from Fig. 15 that the modulating valves form a resistance in parallel 
with the aerial, thus absorbing a portion of the energy which would otherwise 
be radiated. The voice, actuating the microphone, indirectly causes this 
resistance to vary through the medium of the control valve, which amplifies 
the variations caused by the microphone. The anode current in this valve 
is obtained from the same source and rectified by the same valves as the 
anode current in the power valves. The microphone is incorporated in the 
remote control unit. 

In addition to keying for telegraphy and speaking for telephony, the 
following operations are also performed by means of the remote control :-- 


(а) Telegraphy-Telepbony Change Over.—When the switch provided for 
this purpose is put over from telegraphy to telephony, relays are 
actuated which close the filament lighting circuit of the four speech 
valves, switch on the high tension supply to the control valve, and 
short circuit the transmitting key. At the same time an extra 
choke is inserted, in the smoothing condenser circuits, in order to 
produce a greater steadying effect on the rectified alternating 
current. These operations are reversed when the switch is changed 


back to telegraphy. 


(6) Send-Receive Change Over.—The “ send-receive ” switch actuates relay 
controlling switches which, at “ receive ” cut off the power from the 
key and connect the aerial to the receiver, at the same time dis- 
connecting it from the transmitting circuit. 


(с) Starting and Stopping Motor.—This is effected by a third switch, which 
controls a relay actuating the starting handle of the motor, thus 
enabling the starting up and shutting down of the set to be effected 
by the operator. 


Critique of Capt. Robinson's Article * A Method 
of Direction Finding.” * 
By Major C. E. PRINCE, O.B.E. 


The system of Direction Finding set forth in Captain Robinson's articles 
in Nos. 5 and 6 of the Каро Review? opens up some interesting points as to 
its relationship with other and earlier methods, and in many ways invites 
comments. 

Modern direction finding methods are the ultimate outcome of many years 
of work and progress of many minds, during which time most of the. possi- 
bilities inherent in present knowledge have been passed under review; so 


* Received September 3rd, 1920. 
t Каро REvIEw, г, pp. 213—219, February, 1920, and pp. 265—275, March, 1920. 
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that many а so-called novelty is little else than some particular recombination 
of the well-known elements, or differs only verbally from older practice. 
The present article is an attempt to analyse the claims made for Captain 
Robinson’s system. 

It was in 1905 that Marconi discovered the unsymmetrical radiation of a 
horizontally bent aerial, but although several ingenious methods (such as 
that of the 1909 patent of Captain H. J. Round) were devised for direction 
finding by means of such directional aerials, which have no absolute zero 
direction, these methods were but a stage on the road of progress, and need 
not detain us here. Nearly all modern work makes use (to keep to the 
nomenclature which the present writer has sought to standardise)* only of 
directive aerial systems; that is those which give a figure-of-eight polar 
curve having a complete zero in one plane. 

The genesis of the directive aerial was contained in a suggestive patent of 
Mr. S. G. Brown in 1899, the fundamental idea of which is that of using two 
open vertical aerials half a wavelength apart ; but the closed circuit loop or 
frame aerial is now the sole surviving directive arrangement. 

This was introduced into the Bellini-Tosi system by the present writer in 
1912, but, apart from its use in such combination, the rotating single frame 
aerial is now a common device. 

Now there are two basic methods of employing a loop or directive aerial to 
determine the direction of an arriving wave which is sweeping over the 
region occupied by the observer. 

The first and most primitive is to rotate the loop in space, and from the 
observed intensities in varying planes, to find the required direction. Except 
for secondary considerations (such as convenience, or accuracy), it is im- 
material whether observations are made to the maximum or minimum. 

This method however, is cumbrous, and an improved method—which is 
the essence of the Bellini-Tosi system—is to employ two directive aerials 
fixed in space at right angles, and to connect these each to a small repro- 
duction of itself inside а “ radiogoniometer." Тһе latter will then form a 
little artificial world, as it were, in which the plane of the field produced by 
the signal will rotate in sympathy with the field of the larger real world. 

The original single plane loop of the primitive system can now be reduced 
to a small “ exploring coil” or loop, rotating in the artificial world. 

It is plain that whether the final exploring loop rotates in the real or 
artificial world is а matter which does not affect its essential modus operandi. 
One cannot therefore, class or criticise either the primitive or the Bellini 
system by any actions depending upon the polar curve of the exploring loop 
itself; and it is solely the mathematical nature of the curve that decrees 
that observations on the maximum are flat and indeterminate, but those on 
the minimum, where the rate of change is greatest, are sharp and decisive. 

The implication then, contained in (a) and (b) on page 214 of Captain 
Robinson's article is somewhat unjust. Observation about the minimum is 
not an essential of these two methods, but is indeed employed, on account 


* See * The Wireless Direction Finder," с Е. Prince (Year Book of Wireless T elegrapby and 
Telephony, 1913, рр. 306—317). / 


Nov. 1920. PRINCE: Метноп or Direction Finpinc 697 


of its superior accuracy: and I propose to show that Captain Robinson’s 
system does the like. 

Let us now analyse the latter. 

His apparatus consists of an aerial system, rotating, as in the primitive 
method, in the world-field ; but composed of two loops rigidly fixed at right 
angles one with another. Suppose a direction is just being determined by 
it, and we consider the position of the coils. One of these, the “ main ” coil, 
is in the plane of the arriving signal, and consequently the variation of signal 
strength by a small movement of a few degrees is negligible.* This may 
therefore be considered a signal of constant strength, within the limits of 
searching, and hence this coil takes no part in the determination of direction. 

But at right angles to this lies the other rather unhappily named “ auxi- 
рагу ”? coil, which really does all the work! This coil is at right angles to 
the arriving wave, and is therefore working about its minimum position, 
where the rate of change is greatest. Any variation of signal strength due 
to rotation of the system will then be due to the action of this coil alone, 
which is in fact taking observations on the minimum ; and the whole thing 
resolves itself into our original primitive loop, but with the addition of a 
constant signal. 

This constant signal may have advantages or conveniences from the 
operator’s point of view, but takes no part, as we have shown, in helping to 
determine direction. 

We see therefore, that this system is in no way free from the disabilities 
of minimum observations described on page 214. Its accuracy also depends 
on strength of signal in exactly the same way. If in a plain primitive loop 
system the loop has to be moved 2? from zero in the world-field before a 
signal becomes audible, so a similar change of angle will be necessary in the 
Robinson system before any variation of signal strength becomes audible. 

The only real advantages of the method then, are the secondary and 
practical ones mentioned in the last paragraph of the introduction. It also 
carries the disadvantage of ambiguity of two planes touched on by the author 
on page 265. Though dismissed somewhat lightly, any system suffering 
from such ambiguity has always been classed (in directional work) as essen- 
tially inferior to one not having it. The author seems to imply that there is 
some real difference between the so-called “ main ? and “ auxiliary ” coils ; 
but assuming for the moment that the two coils are equal, we see that there 
is no means of deciding which of two planes—that is four directions—the 
signal is coming from, since either of the coils may act as “main” or 
* auxiliary ? indifferently. A preliminary reading with one of the coils 
cut out of action is needful to eliminate one of these planes, before the 
reading proper is taken. This is necessary as long as one of the coils is not 
sensibly negligible in comparison with the other. 

It will be observed though, that Captain Robinson does not make the two 
loops equal in area-turns, that is, receiving power, and on page 219 an 
apparently elaborate table is given of sensitiveness for various ratios of 


* See curve aa, Fig. 5, of Captain Robinson's article (RADIO REVIEW, p. 217, February, 
1920). : 
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* auxiliary ? to “main” coil. This table, however, when plotted out, is 
simply a straight line; and merely amounts to the statement—the larger 
the auxiliary coil (relative to the other), the better—which is hardly surprising 
since it is that coil alone which, as we have seen, is actually concerned in the 
determination; and any effect of the constant-signal or main coil is detri- 
mental to direction-sensitiveness. This can be seen even by inspection of 
his diagram (Fig. 3), where the slope of the combined curve cc, is somewhat 
less advantageously steep than that of the original “ auxiliary ” coil curve bb. 

In spite therefore, of the imposing effect of mathematical and tabular 
expressions, we come back to the conclusion that this system is nothing more 
than our old friend the single loop rotated in the world-field, reading about 
the minimum (with a constant signal added for the convenience of the 
operator) while the switching over or reversal is equivalent to the mechanical 
rotation of the loop. This latter point, which is not mentioned by the 
inventor, seems really the basic point of the system. 

Let us now approach the subject from another point of view. If we go 
back for convenience of thinking to the case in which the auxiliary and main 
coils are equal, we see at once that the aerial system may be considered as 
two exploring coils rigidly connected together, so that electrical switching 
can replace mechanical rotation. 

A scheme embodying this idea was devised by Captain H. J. Round about 
1913 as a corollary of his patent of 1909. In this a double exploring coil 
made up of two equal rigidly connected coils, was used, and the receiver was 
switched rapidly from one to the other. When there was no change of signal 
strength, the two coils were known to lie symmetrically about the plane of 
the required direction. Thus both coils were active, and working on a part 
of the curve where the rate of change is large: it is essentially immaterial 
whether they are made to work about the minimum or maximum axis, or 
whether they are set at right angles, or another angle. 

The fact that the double exploring coil worked in the radiogoniometer 
rather than the world-field, was also, by what has been said already, a mere 
matter of choice ; and it is difficult to see in what respect Captain Robinson's 
system differs essentially from the earlier one,.or is any improvement on it. 

The setting of one of these coils in the maximum and the other in the 
minimum position of the field, is merely an extreme case in the adjustment 
or employment of it, which seems to forfeit one of the best features of Captain 
Round's scheme of working both coils on a rapidly-changing portion of the 
curve; and which tends, as we have shown, to revert to the primitive loop. 
In both methods the exploring system was, after a reading, left at rest, 
indicating the required direction. 

Again if we do allow some credit or essential difference to lie in the disparity 


of the loops and their particular method of employment, it then verges on a 


method suggested by the present writer* in which one directive and one 
non-directional aerial are employed, except that in this patent the loop or 


directive aerial being very large, and principally intended for ship installa- 
tions, was not rotatable. Consequently the direction had to be determined 


* British Patent 2457/1912. 
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by the strength of signal on the loop relative to what it would have been if 
in the plane of the loop. For this comparison the circular polar curve of the 
non-directional aerial served as a standard, and it is fair to say that Captain 
Robinson’s particular use of two such aerials was not claimed. 

So, we see that, in general, as respects the direction determination only, 
the real essence of his method is the substitution of switching for rotation, 
and that by the ingenious method of connection, difficulties of phasing are 
avoided. 

Both this and the Bellini system may therefore be considered as two 
different methods of avoiding the necessity of mechanically rotating a large 
and comparatively heavy loop at a speed suitable for practical searching. 
But, whereas the former method only eliminates the factor of speed—for 
the loop still has to be rotatable—the latter reduces the only moving parts 
to extremely small dimensions. Something must move, and in the Bellini 
exploring coil we have this unavoidable residuum reduced to instrument 
size, and the world-field (as it were) brought to a focus upon it by the motion- 
less external system. There is no limit to the dimensions of this system. On 
page 271, section (2), the author hints that the proportionality of E.M.F. to 
ampere turns may not be indefinitely true, and without plunging too deeply 
into a matter still awaiting experimental evidence, it seems likely that this 
is so, and that the few or single turn loop, having a much greater phase- 
difference between its extreme dimensions, is an arrangement superior to the 
small multiple coil. 

For all these reasons the Bellini system seems to be the most complete 
basic solution of the directional problem ever proposed. 

There remains now to be discussed only the one other factor of Captain 
Robinson’s system—the superimposed constant signal. 

By what has already been shown, this signal takes no part in the direction- 
determination. It is not a technical, but a human or psychological factor. 
It is often convenient that the operator should be able to hear and read the 
signal during the whole period of searching ; though, in peace time, when no 
tactical reasons exist for cutting this down to the limit of brevity, it does 
not seem a very great matter. Even on a radiogoniometer the signal is not 
really lost while the reading is being made. 

More important is the claim that the human ear can more easily judge the 
relative strength of signals which succeed each other rapidly without passing 
through silence. This depends entirely upon the personality of the actual 
operator. The present writer remembers in 1919 interrogating some 
officers with long experience in direction-finding work on their personal 
preferences ; and the general opinion was in favour of the radiogoniometer 
method. He cannot but think, however, that there is some basis for this 
claim. 

Even supposing this factor to be of importance, it must not be forgotten 
that, unless the whole of the present analysis is false, this constant-signal 
arrangement can be applied to any direction-finding system, and can equally 
well be quite independent of any of the apparatus or circuits used in the 
actual determination of direction. 
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Let us turn now to the application of direction-finding to aircraft—p. 267, 
section (6). 

It will be seen from the author's lucid explanation that there are two 
methods of applying his system to an aeroplane, which may be briefly 
described as (1) fixed coils, and the turning of the aeroplane in the world- 
field; (2) coils movable in the world-field and rotatable with respect to the 
machine. 

(1) This is the only arrangement possible on small machines where there 
is no room for the larger apparatus. It is satisfactory only for flying direct 
ontoasignal It is not very practicable for taking bearings, for the machine 
has to be turned off its course, by an amount not apparent to the pilot unless 
he is also the operator, which change of course is not very welcome to the 
navigator. This is slow, and has to be done twice to get a cross-bearing ; 
and in each case the compass has to be read immediately after a change of 
course. For many such reasons its use is limited. 

(z) This is only applicable to the larger machines where there is room for 
movable coils of adequate size, but under these conditions it is a practical 
system exhibiting all the virtues and defects of the particular method 
discussed. 

But it must not be assumed that aircraft direction-finding stands or falls 
by either of these methods. It is perfectly practicable to apply the Bellini 
method to aeroplanes by stringing a pair of single wire loops on the plane, 
with very successful results; and such an installation will have the virtues 
which have been discussed in the present paper. 

Such an installation was installed by the Marconi Company in the Handley 
Page machine which was intended for the trans-Atlantic flight. Until this 
machine was crashed it was navigated with the utmost success by means of 
it, and it is a record that signals from the English side were picked up at 
once and determined to within one degree as soon as the machine got into 
the air at Newfoundland. 

In conclusion, although his particular system has been criticised from a 
technical point of view, the present writer is very much aware of the great 
services rendered by Captain Robinson to wireless aerial navigation during 
the war. Making this subject his own, his whole-hearted devotion to it was 
the means of raising the art (in so far as it related to direction-finding on the 
machine) to a level of great importance and of instituting a valuable organisa- 
tion. Only now that peace has given more leisure for the study of the 
problem, it is necessary to search for the true line of advance, and not to be 
led aside into unfertile regions. 

Under peace conditions the balance of argument is strongly in favour of 
position finding from ground stations, but for war purposes, or under certain 
particular circumstances, there is undoubtedly a field for direction-finding 
from the machine. 
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A Theory of the Amplitude of Free and Forced 
Triode Vibrations. 


By BALTH. van der POL, Jun., D.Sc. 


INTRODUCTION. 


The conditions to be fulfilled by a circuit linked to a triode in order to 
generate oscillations have been fully treated by several writers. Their 
differential equations were mostly confined however to the linear terms 
and in consequence could be satisfied by any amplitude whatever, though 
implicitly these differential equations are only valid for infinitesimal 
oscillations. 

As a given triode oscillator, with definite settings of the circuit constants, 
will generate oscillatory currents with harmonics all having a definite ampli- 
tude, it may be worth while to put forward a theory of the oscillating triode 
having regard to the non-linear terms in the equations. Only in this way 
can certain properties of a triode system be explained which would otherwise 
escape the analytical treatment, such as the rectifying action, the inter- 
action of two oscillatory systems, the function of a thermionic bulb as a 
limiter of amplitude, the working of the heterodyne, the greater magnifica- 
tions given to small impressed E.M.F.’s than to bigger ones, the generation of 
higher harmonics, etc. 


E. 
a[s[1-——4 


4 


FIG. 1. 


When the non-linear terms аге retained in the equations the latter, and 
still more their solutions, soon become very complicated and in order to show 
clearly and definitely the importance of these terms it seems advisable to 
treat analytically that system of connections which renders the equations as 
simple as possible, thus obviating as far as possible, purely analytical compli- 
cations, and allowing the physical meaning of the formule to be clearly seen. 
This is especially the case in locating the resistance of the oscillatory L C 
flywheel circuit connected to the anode and filament, not in series either with 
the self-inductance or capacitance but in parallel to both. 


31 
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I.—Tue TRiopE As A GENERATOR OF OSCILLATIONS. 
1, Let, as indicated in Fig. 1 
2, be the total current in the self-inductance branch L. 
14 be the total current in the capacity branch C. 
tg be the total current in the resistance branch R. 
05 == 4, + 1, + 4 be the total anode current. 
E, the E.M.F. of the anode battery. 
v, the plate potential difference . 
v, the grid potential difference | Vithirespect to the flament 
then we have 


г = Ri = ай = By — on 
di 
м =», 


where M is chosen positive when it has the proper sense to generate oscilla- 
tions. Eliminating à, % and їз we arrive at the simple equation : 
Chi (1-54 ыса) (,-Е)-0.....() 

dt L Rdt dt?/ ^? " 
where the grid currents are neglected. 

Let further the anode current 7, be a function ¢ of the single variable 
t, + gv, (called the ** lumped voltage ” *) where g is the “ voltage ratio” 
of the tube. Hence 


M 
фот) =b {+95 0 o9] 0 
In the steady, though unstable, state v, = E, as there is no potential 


0 
drop in the resistanceless branch L. The steady (unstable) anode current 
we са] 4, ; obviously 

0 


ta, = È (0) ET MTM 


If v be the momentary deviations of the plate potential from the 
unstable value E, we have v, —v, — v, and the total anode current 
0 


becomes : 

. г M 

oe | ty (rp —1) >} 
or | 

tg = Ф (v, — #2) Ed cie ode за GELD Ж.Ы» dew А8) 
where k= (oF -1) 


* W, H. Eccles, RApio REVIEW, І, p. 73, November, 1919. 
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If 4 be the instantaneous deviations of the total plate current 7, from the 
unstable value 2, , we have 
0 


б = ta — ia = Ф (0, — kv) — Ф (v) оо & ee ДӘ) 
which may be written , 
t = p (ko) e a be we (0); 
The fundamental equations of the triode oscillator are therefore 
di Фо, 100 1 
т О 
t= АС) 
2, Before proceeding we will first consider the functions ф and y. 


The steady characteristic 1, = ¢ (Е) has the well-known form of Fig. 2. 


From this characteristic the one of Fig. 3 can readily be derived where 1 is 
represented ав % = ф (Ко) = ф (9%, —kv) —¢ (0): 

In the latter figure this function has been drawn Юг the values & = — 1, 4, 1 
while for k = 0, ф (kv) coincides with the axis of аЬѕсіѕѕге. 

From this figure, which may be said to represent а family of “ derived ” 
characteristics, it is clear that the * falling ? characteristic necessary for the 
generation of oscillations is only obtained when Ё > 0, г.е., for 

| М 
9 Т. > l. 

In the second part of this paper it will be shown more fully that, if k = 0, 

1.2.) 0 ІТ 1, the “ resistance " brought into the circuit by the presence of 


the triode is just compensated for by its regenerative action. 


3. Taking up the analysis again, we see from (2), (4) and (5) that if we 
assume that the curves in Fig. 3 can be represented by the equation 


4 = р (kv) = —av+ purty? ... ... (7) 
then by Maclaurin’s theorem, 
314 
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TELA 

= 9 ZONE VUE: 
| -— 5 (5) 

Y= 6 \ov3 v, E, 


where х and y may be taken positive as long as k >> 0. If E, = S is 
chosen such that 2, «is just half the saturation value while the characteristic 
is considered symmetrical with regard to the point (04, ta)» B will vanish 
and (1.5) will be reduced to 
2 
сї + (5-4) d» 10-8400 + y 402 - 2. (1) 
If our considerations are limited to small oscillations only, both y and B 


may be neglected, thus leaving a linear equation with the condition for the 
generation of an alternating current, that 


With (2% 


g 
and g=% l 
a 
this amounts to 
M 1 
9p l^ есенен“ О 


dv 
di 
in II. becomes negative and the oscillations would build up indefinitely were 
it not for the presence of the non-linear terms (with y and В) in II. which 
put a limit to this increase, or, speaking geometrically : it is the curvature 
of the characteristic which determines the final amplitude. 


4. First Method of finding the Amplitude of the Fundamental. 

Our equation II. is closely related to some problems which arise in 
the analytical treatment of the perturbations of planets by other planets, 
and of the vibrations of bodies not obeying Hooke's law, upon which Helm- 
holtz's well-known theory of combination tones was based. Hence a some- 
what similar way of solving II. may be applied here.* 


However, with M greater than the value given by (9) the coefficient of 


—————————————————— á——————— É — —À— ——————————À———— ———————À—Á————————————— кеті 
* In this paragraph we follow closely a method of solution given by Prof. Lorentz in a 
series of lectures at Leiden University. 
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Rewriting IT. as: 
LINE SUR 1 24 840) уд) | 
(ог) +416 (св арена to a то - 09 


we introduce a first order correction e to the square of the natural angular 
frequency w? by putting 


o! = ар — 6. а cor оа ee %- 12) 
instead of 


Since the voltage is the sum of the fundamental and the various 
harmonics, we put 


ова» Ва В... ы ы d wwe se (12) 
and assume that this series converges, v, having the fundamental frequency, v, 
being the first overtone, % the second, etc. Moreover v, will be taken to be 
of the first order of magnitude, v, of the second, v4 of the third, etc. 
Putting (12) in (10) we obtain an equation with several terms of different 
orders of magnitude. 
Now equating to zero the sum of all terms of the first order, the sum of 
all terms of the second order, also of the third order, and limiting ourselves 
to terms of the third order, it would be impossible to get a solution unless 


1 с) д | l . 
we also assumed | (ғр — а) + є { to Pe of the second order. With this 


assumption the following equations are obtained : 


-fd j T 
gator ast o o o o o 09) 
d? 1 d 
(Z.2,-)«- 50 оо пре ба св сит още а ОКЕ) 
d? 1 _ 1 2) d | 2B d (vw) — 
ара 7 let lon n 470 а 
"T y #02) 
Qd; eR ws (15) 
From (13) which is an equation of free oscillations we have 
; 21 
Фр =acoswt withw? = TE еее" (16) 


where a is the unknown amplitude and w the unknown angular frequency. 
Equation (14), representing a forced vibration of period 20, yields with (16) 


a?B . 
my — EE sin ot. ОИК (17) 


Equation (15) represents a forced vibration of periods w and 3w. In 
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order to make sure that v shall only contain terms of the frequency Зо 
that part of the impressed E.M.F. in (15) having the frequency w may now 


be put equal to zero, thus yielding two equations for the frequency 
correction e and the fundamental amplitude a.* 


We thus find from (15) : 

feu (1 22 ши y d(3 

(e+ (ся а) A а cos wt + C di 605 518 wt) + 22 (Ja cos wt) 
z0..... (18) 


which must be satisfied at any moment. Hence we obtain for the frequency 
correction 


26: 22202222. (9 


and for the square of the amplitude of the fundamental 


4 
a= 5 СЕ 0. e « « (20) 


Finally, after solving also v, the solution of II. 15: 


0 = à COS wt ap sin 2wt + a? ( P: cos Зої + Зу sin ot) (21) 
3Cw 8o? C? 3200 ж 
while % contains the steady component 3428 which is the shift of the indi- 
cation of a direct current milliamperemeter in the anode circuit, observed 
when the system starts generating oscillations. 
A steady component does not occur in v which is obvious from the fact 
that one branch (L) has no resistance. 


5. Second Method of finding the Amplitude of the Fundamental, 


Instead of finding a solution v which at any moment satisfies (1.89) we 
may from (1.29) first derive several energy equations. 

Integrating one such equation over the fundamental period gives an 
equation out of which the time £ has disappeared. Next we try to find a 
quadratic mean value of v satisfying this mean energy equation and thus 
obtain the value of the amplitude a. 

Very suitable for this way of treating the problem is the equation obtained 


by multiplying (I.*) by |ш and then integrating the result over the unknown 


fundamental period Т. 


Integrating by parts yields us the simple energy-equation (the other terms 
vanishing) 


T 17 
СЕ п (оа -0 оженва ux 22) 


0 


* If those terms in the second member of (15) which contain the frequency о were not 
identified with zero, so called “ secular terms" in vs would be necessary (of the form ¢ sin ct) 
which would disturb the purely periodical character of our solution. 
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We now assume as a first approximation that v varies sinusoidally, hence 


0 = (4 cos wt 


Phea а2 
ONE: pa 
тр = 9 
Further 


iw = — xv? + Bv? + уй 
yielding 


1 (7 3 
T Vivat = --дай T 274. 
0 


Putting these results in (22) we at once obtain the square of the amplitude : 


1 
Ж — zn 


Е 


4 

2 =L 

сЕ > 
which equals (20) found above. 


The assumption (in order to find the amplitude) of v having an accurately 
sinusoidal form may be justified by the following considerations. 


А 
LS eis 
Fic. 4. Fic. 5. Fre. 6. 


If v is assumed to have the form"of Fig. 5 with maximum elongation a’, 
the mean quadratic value of vis found from (22) to be 


5*7 В 
8 y 
while the fundamental harmonic component a is related to a’ by the equation 


1 
64 5^ R “Ра 
Йоана eem 1% 
а EE 1-095 
гот 
др 
а = 1-047 R 


For the widely different waveform of Fig. 6 with maximum elongation а”, 
we find in a similar way 
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pod 
а”? = Е 
7 
4, 
2 = – а 
T 
доза ae 
ie PS т и 
-— 
or а = 1:214 Е 
Y 


Taking the mean of the two a’s from Fig. 5 and Fig. 6 we find a value that 
differs less than a half of one per cent. from the value of a obtained from the 
sinusoidal wave form, namely 


4-і 
а — 1:155 R 
Y 


Hence we see that the extreme forms of Fig. 5 and Fig. 6 yield amplitudes 
for the fundamental frequency of v of values only slightly different from the 
one obtained on the basis of the purely sinusoidal v, and we may accept the 
result 


ge 


cul - 


а? 


(20) 
with confidence. 


6. Discussion of results so far obtained.—Formula (20) only leads to 


a stable oscillation with real amplitude when, for y > 0, а >, 1.¢., for 


( І-5У>р 


L 
а? would also be positive for both y <0 and « -% <0. However the oscilla- 


tions set up in this case are unstable * so that this case can further be excluded 
from our physical considerations. 
The damping factor of the LC R circuit of Fig. 1 (see also Fig. 7) but 


LÀ е е 1 
disconnected from the triode, is well known to be —~-.. Hence the smaller 


20R 


the shunt resistance the more the йағага! oscillations of the circuit L С R 


* Rayleigh, Philosophical Magazine, April, 1883. 
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will be damped. Similarly the damping factor of a circuit consisting of 


. . . y 
L, C andr in series, is JA 
If therefore the latter circuit were connected to the triode, we can, with 


the accuracy obtained in the above analysis, simply replace 5 Бу Е and 


hence obtain for the amplitude of oscillations of such a series resistance 
circuit 
Cr 


к--- 


4 L 


The same formula will be found if, ab initio, we start formulating the 
differential equations for the case of a series resistance r. The analysis 
however is much more complicated. 


Fic. 7. 


As a first approximation it does not matter whether the plate is connected 
at À or A' (Fig. 7), whether therefore the resistance r is in the L or the C 
branch. For the sake of simplicity we shall discuss our further results, with 
the parallel resistance R, keeping in mind that the smaller is R, the more the 
system is damped. 

From (19) and (20) it follows that the frequency correction e, as might be 
0%, 
Wa? 
the amplitude, as a first approximation, is not affected by the magnitude of 

: s: 
B, but only depends upon х and у, i.e., upon Фа ond nd 
а а 


expected, is a function of the amplitude, but also of В, 7.е., of whereas 


ov 


This dependence of the frequency upon the part of the characteristic 
where the triode is functioning may be illustrated by the following experiment. 

It is well known that only with the utmost care can such a small correction 
experimentally be made evident by altering ¢.g. the grid potential by means 
of a potentiometer arrangement, as the slightest alteration of the circuits 
materially affects the tuning conditions. Hence it appears a better course 
to let the triode itself bring its oscillations on a different part of its charac- 
teristic. To this end it is only necessary, instead of connecting the grid 
directly to the grid coupling coil of M, to insert at this place a large condenser 
of say 1 pF. 
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If the insulating quality of this condenser is not extreme, oscillations will 
beset up which gradually die down owing to the negative charge accumulating 
on the grid, the latter thus acquiring a gradually increasing negative potential. 
After some time (occasionally twenty seconds) the system will suddenly 
again burst into oscillations and the same phenomena will occur over and 
over again. Ifin another (autodyne) system one listens to this phenomena, 
the audible combination tone is very distinctly heard to alter its pitch during 
the time the first system oscillates, thus proving clearly the gradual fall of 
frequency when a triode system vibrates lower down on its characteristic. 


The Capacity of Rectangular Plates and a Sug- 
gested Formula for the Capacity of Aerials. 


By THE EDITOR. 


The capacity of any conducting body, whatever its shape, can be determined 
by the method devised by the author for the calculation of the capacity of 
multiple wire antennz. A uniform distribution of charge over the surface 
is assumed and the average potential calculated; the uniform potential 
actually obtained when the same total charge is allowed to have its natural 
distribution will approximate very closely to this average potential. Formule 
can be established for the value of the average potential over surfaces of 


SMH 


ЗУУ 


SS 


УӘ 


УЭ 


NS 
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simple geometrical form which greatly simplify the calculation. The author 
has also shown that the same method and formule can be used to calculate 
the resistance to earth of any system of buried conductors. In working out 
the original formule it was assumed that the conductors consisted of round 
wires, which is of course usually the case with aerials, but in the case of buried 
conductors copper strip is often employed and the formule for round wire 
cannot be applied. It is, moreover, often necessary to determine approxi- 
mately the capacity of rectangular plates. ще аз 
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Let a rectangular plate | cms. long and w cms. wide (Fig. г) havea uniform 
charge of 1 unit per sq. cm., then the average potential along the line PP’ 
= to the charge on the strip l.dæ at a distance 2 from PP’ is given by the 
ormula* 


MET 
Ә?,--29 (аа +7 NE + я) де. 


The average potential along the line PP’ due to the whole plate will be 
а w—a — 
box 22 
= es = — -- 
Vp f+] 2 (sink 7 1+3) а 
о Jo 
now 


{ ара“ dz = = sinh“ 1 ы; 4] sinh1* 
2 т l 


and 
2, = 2 2 ls әре”. 
Јута 5; VI + 22-- 5 sinh 7 


Hence the average potential along PP’ will be 


4 “--2 
l l 2.04 2 ж--- 
= PE oe AAE Da Е ура 
Ур = 2 | v sinh > + 5 sinh та aj i zl +.. | 
0 
iit. ла Gf 
айы inh-1l.L—- RIO ux 2 2 
=2 (a sinh z tg nh та jV! m) 
-+ a similar expression with w—a instead of a. 
The average potential over the whole plate will be 
10 
АН V, da 
g 


10 
2 i l E 02 а шті 
-&| (2 sinh + 1 sinh 13-7 -FVP 4 d) da 
0 


i (reme +1 Мача) I (а sinh“? 7 — LESS + 


w 
aà3 (а 4- В) 
a s | 


0 
* See Electrician, 73, p. 859, September, 1914. 
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3 2 213 
= 956 sinh“ l 4- 9] сас? + тсе 


Area of the plate = wl and therefore the charge Q = wl units. 
Let 


a= 2 then Q = wl = E 
Ww « 
For the capacity we have 
Q P 
= y = aV cms. 


Putting w = lja in the above formula for V we have 


p 
C 0107 еткін тн DEP TRU UR EIUS MUENENEITURTRU E UEROSTCLUNIMUSRPULTI ERE CE RUN OM M ORC RTL UN MCA MP REED cms, 
2a E sinh! æ + J sinh 1 zh ico ED | 
% a За 


cms. 


ма 
СЕЗДІ 


sinh" « 


уа |= F sinh-! 1 213 at 33 gu Sd — 


= Б ql centimetres 


VALUES OF F AND /' 


ШЕРКЕШ 
SESE EEE 
Ak ae eee ee БЕН ЖИЕН 
24-44-4441 


9:3 
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where k is a coefficient depending only on «.. The values of k for a number 
of values of а are given in Table I. For intermediate values they can Бе 
read off the lower curve in Fig. 2. To obtain the capacity in micro-micro- 
farads the above values must be divided by 0-9 (upper curve in Fig. 2). 


TABLE’ I. 
a= ] 2 3 4 5 10 20 
k= | 0336 0-346 0-360 0:374 0-388 0:448 0:532 
z = | 0373 0:384 0-400 0:415 0:431 0:498 0:591 


From the dotted straight lines in Fig. 2 it is seen that the value of 6 is 
given approximately by the equation 
k = 0:824 (1 + 00375x). 
This is applicable for ratios of length to width up to 12 or 14. 


It is of interest to compare this with an empirical result obtained by 
Austin from the measured capacity of multiple wire rectangular aerials, * viz. 


C= (4 Ма + 0:885 5 (1 + 0:015 1) x 1075 microfarads 
where a is the area in square metres and h is the height in metres. 
Adopting these units and nomenclature our calculated formula becomes 


C=36 Va. (1 -+ 0:0375 2) х 105 microfarads. 


Austin's formula is only applicable if the aerial wires are closely spaced, 
and in this case, as we have already shown,} the capacity approximates 
closely to that of a whole surface. 


Fic. 3. 


The other term in Austin’s formula is due to the proximity of the earth. 
This may be calculated by finding the effect on the potential of the aerial of 
its image in the earth. If the area of the plate or aerial is small compared 
with the height, little error is made in assuming that the potential of the 


* Proceedings Institute of Radio Engineers, 8, p. 164, April, 1920. 
T Electrician, 73, p. 861, Fig. 15, September, 1914. 
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aerial due to the charge on its image is — = It will in fact be slightly less 
because 2h is the minimum distance between the two charges (Fig. 3). 
Ignoring the effect of the earth, we have seen that the calculated capacity 
may be written _ 
С = k Vul cms. 


and therefore 


ПОЕМИ k 
The presence of the earth reduces the potential to 


Ма wl wai 200 


—— 
TT 


k 9h k 2h 
The quantity in brackets is the ratio in which the potential is reduced and 
therefore its reciprocal is the ratio in which the capacity is increased. If 


ЖАТА 


із small compared with unity, this reciprocal is approximately 


2h 
Е Ми! 
lc 
The total capacity is therefore 
C=k Va + a) cms. 


Putting in the approximate linear equation for k, viz., 
k = 0-324. (1 -+ 00375x), 


we have 


C= (1 4 00375x) (0324 ЫГА афа Аа еще 


= l 
n (1 + 0-0375) (0324 Май + 0:0525 n (1+ 008750) cms. 


All the dimensions and the capacity arein cms. With Dr. Austin’s units 
and nomenclature our formula becomes 
C= los Ма + 058; (1 + 0:0375 1) | (1 -+ 0:0375 2) Х 1075 microfds. 

This involves a slight difference from the form of Dr. Austin's equation, 
but the effect of the additional factor may be too small to be detected by 
measurements on aerials. In view of the difficulty of making due allowance 
for various disturbing factors, such as down leads, masts, stays, etc., such 
measurements cannot be made with a High degree of accuracy. The 
following examples illustrate, however, the close agreement between the . 
theoretical and the experimental formule. If //w = 5, Austin’s formula is 
4-34/а + 0:95 afh, whilst ours is 4:27 Ма + 0816 a/h; if l/w = 10, Austin’s 
formula is 4:6А/а + 1:02 ajh, and ours 4:95^/a + 1:095 ajh. 
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Multiplex Telephony and Telegraphy using High 
Frequency Currents (Wired Wireless)." 
By K. W. WAGNER. 


A year ago the author read a paper T on the same subject in which he 
considered its historical, theoretical and technical aspects, and referred to 
successful experiments that had been made. In the present paper he gives 
an account of practical tests under working conditions carried out by the 
German Telegraph Department during the past year. 


I. Мгі/тірікх TELEPHONY. 

In the beginning of 1919 three simultaneous conversations were carried 
out on a 3 mm. bronze line between Berlin and Hanover (300 km.). This 
was done under practical working conditions, that is to say, any subscriber 
in Berlin was connected through from the local to the main exchange and 
then made use of the high-frequency service to Hanover where the connection 
to the desired subscriber was completed. Although successful several 
months’ work was required to overcome the gap between experimental 
success with the apparatus under the watchful care of physicists and engineers 
and the installation of apparatus which would stand the ordinary conditions. 
of service in the hands of less trained personnel. It was essential that the 
apparatus should be simple to operate and, in view of the present cost of 
labour, that it should be as automatic as possible. At the same time the 
cost of upkeep and of renewals must be kept as low as possible. 

In addition to these general requirements, it was essential in the present 
case that the high-frequency connection should be made and controlled by 
the operator in exactly the same way as the ordinary line connection. For 
example, it must be made impossible for two operators to attempt to use 
any high-frequency connection at the same time. 

It was also essential that in case of breakdown or trouble of any kind 
the attendants in the high-frequency rooms at Berlin and Hanover could 
communicate without the provision of a new line and that the necessary 
switching to make this connection should be as simple and rapid as possible. 

At the beginning of October, 1919, the triple connection on the Berlin- 
Hanover wire was ready for service. From that time it has been in daily 
use for eight to ten hours with complete satisfaction. Each of the three sets 
handle up to 120 conversations of three minutes duration per day. The 
articulation leaves nothing to be desired ; the loudness has been adjusted 
to equality with the ordinary connection, corresponding to B] = 1:3, that 
is, it reaches a high standard. When, on account of noises due to imperfect 
earthing, ordinary telephony had to be interrupted, the high-frequency 
communication could still be carried on. | 

The high-frequency apparatus is in a special room, the separation being 
necessary to the organisation and operation of the exchange. The high- 


* From a paper read before the Elektrotechnische Verein, Berlin, on May 18th, 1920. 
T Elektrotechnische Zeitschrift, 40, p. 383, August 7th, and p. 394, August 14th, 1919. 
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frequency room requires only a single official with a female assistant; even 
on changing over to another wire no fresh adjustment is required. The 
present personnel could control considerably more apparatus. 

The system has also been tried under working conditions between Berlin 
and Frankfurt, a distance of 600 km. 

The oscillation generator contains two 10-watt tubes and its frequency 
can be adjusted between 15,000 and 1,500,000. The receivers and three- 
stage amplifiers are of the ordinary type. 

Although there is no fundamental difficulty in carrying ten or more con- 
versations on one wire it was decided to perfect and thoroughly test the more 
modest attainment of three conversations on a single wire. From the results 
obtained there is no doubt that in high-frequency multiplex telephony a 
way has been found of considerably improving the position with respect to 
Xhe need for further telephonic facilities. 


II. MULTIPLEX TELEGRAPHY. 2 


In many respects high-frequency telegraphy is simpler than the analogous 

-telephonic problem, and although the decision to pass from the successful 
‘laboratory experiments to the practical application was taken later in the 
case of telegraphy, this was only because the need was not so great. In 
both cases the need was greatest on the main lines of communication and it 
awas for that reason that tests were made on one of the principal routes, 
wiz. Berlin-Frankfurt. The traffic is very heavy and is carried by double- 
current Siemens high-speed printers. In the high-frequency system the 
Siemens transmitter sends its positive and negative currents, not to the line, 
but to a relay, which connects and disconnects the high-frequency trans- 
mitter and the line. At the receiving end, the currents are amplified before 
passing to a thermionic relay (two double-grid tubes) which operates the 
double-current receiver. The high-frequency currents can be amplified, or 
a heterodyne can be employed and the beats amplified; both methods 
have been successfully employed. Such a system with two simultaneous 
messages has been working over the 600-km. line since January for eight to 
nine hours per day and handling up to 2,000 telegrams daily; this is about 
.90 per cent. of the total traffic between Berlin and Frankfurt. The high- 
frequency apparatus 15 in a separate room and in Berlin the high-frequency 
currents pass through 1 km. of ordinary telephone cable (0-8 mm.) to the 
-telephone exchange where it passes to the telephone line. The line is used 
at the same time for telephony without any interference. The duplex 
working has since been replaced by six-fold telegraphy over a single line 
-which is used at the same time for telephony. This is capable of handling 
16,000 telegrams per day. 

Satisfactory tests have also been made between Berlin and Magdeburg 
(150 km.) in the operation of Hughes apparatus over the telephone line, in 
-а similar manner to that described above. 

The author concludes by saying that the successful results obtained lead 
.one to hope that high-frequency operation will help them in the difficult task 
«ОҒ raising the telephonic and telegraphic facilities to their old standard. 
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Review of Radio Literature. 
1. Articles and Patents. 


1042. THe THEORY or THE Baretrer. K. Kiipfmiiller. (Telegraphen- und 
Fernsprech-Technik, 9, pp. бо—63, July, 1920.) 


A mathematical proof that if the alternating current contain harmonics, a reversal of connec- 
tions to the baretter wire will give a different reading. This is due to the temperature and 
resistance of the wire following the alternations of the current to some extent ; the effect will 
therefore be less the higher the frequency. A case is quoted in which a difference of 1 per 
cent. was observed at a frequency of 800. 


1043. PERIOD AND DECREMENT ов AN OSCILLATORY CIRCUIT WITH A SHORT- 
CIRCUITED SECONDARY. I. Jones. (Philosophical Magazine, 39, 
рр. 553—565, May 1920. Science Abstracts, 23a, p. 400, Abstract 
No. 1007, July 31st, 1920--АБвтгаст.) 


This article gives a mathematical treatment of the oscillations in a primary circuit to which 
a short-circuited secondary is coupled. It is assumed that the secondary capacity is negligible 
and that its resistance may be varied. Calculation shows that the general effect upon damping 
of the oscillations caused by increasing Rə/Lz with constant coupling, is an almost linear 
increase and that the frequency diminishes as Еа/То increases, the diminution being more 
rapid the greater the value of the coupling. The decrement increases with the coupling and 
corresponding curves are given for the effects on the frequency. It is also shown that there 
is a limiting value of E? below which oscillations are set up for all values of Еа/Га and above 
which there is a range in which no oscillations are produced. This limiting value is 0-889. 
(Қ = Coupling coefficient. a= Secondary resistance. Га == Secondary inductance.) 


1044. Recent EXPERIMENTAL Work ім RaprorELEGRAPHY. Е. Kiebitz. 

(Lelegraphen- und Fernsprech-Technik, 9, pp. 88—90, August, 1920.) 
` This is an interim report of the Telegraph Department. The following subjects are dealt 
with: The directive effect of bent aerials; in some cases no directive effect is found. A 
comparison of elevated and earth antenna. The action of the dry soil above the water level 
near the aerial. An attempt to show experimental and directive effect by means of the 
auxiliary aerial suggested by Abraham was not successful. Little if any connection could 
be traced between the atmospheric disturbances and the meteorological conditions. The 
permissible strength of a disturbing signal was investigated for different conditions as regards 
wavelengths and tones of the two sending stations. The variation of frequency of various 
C.W. stations was observed. Comparative tests are being made on high and low frequency 
amplifiers and also of separate and self-heterodyne systems. Wireless telephony tests are 
being carried on between Alt-Strelitz and Larz to test various methods of modulation. A 
method has been devised for the measurement of very weak coupling. Experiments are 
being made for operating a Wheatstone high-speed receiver through a series of amplifiers and 
rectifiers. 


1045. THE SIGNIFICANCE oF MAxwELL’s TuEory. A. Press. (Electrician, 
85, pp. 177—178, August 13th, 1920.) 

The author considers the longitudinal formation of a line of force at an infinite speed, in 
distinction of its lateral propagation at the speed of light, and criticises the interpretation 
usually placed upon the Maxwellian equations of wave propagation. In view of the circuital 
nature of all currents in the Maxwellian equations, it is maintained that the present theories 
of the space charge in triode valves require careful revision. It is stated that the author 
intends to return to the subject of wave propagation in a subsequent communication. 

3 E 
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1046. Note on Каро Frequency Measurements. C. Englund. (Pro- 


ceedings of the Institute of Radio Engineers, 8, pp. 326—333, August, 
1920.) 

Deals critically with the need for and design of a radio-frequency bridge suitable for general 
use. The methods developed for use at the Western Electric Co.’s Engineering Laboratory 
are briefly described. With frequencies up to 200,000 radio-frequency bridge measurements 
are not very troublesome but with 1,000,000 cycles the spacing and shielding of generator, 
bridge and detector are all-important. Shielding against electromagnetic induction has not 
proved successful in eliminating interference but electrostatic shields have been found quite 
successful, 

The generator of the bridge scheme here advocated consists of a valve set, the negative end 
of the filament being earthed and the generator inductance unit being a toroidal coil. If no 
terminal of the bridge proper may be grounded two transformers for input and output are 
necessary while each section of the bridge is electrostatically shielded. The balance is 
observed by ear up to 10,000 cycles, but above this frequency the beat method with separate 
heterodyne oscillator is used and it is possible to balance much more accurately than is justified 
by the standards available. Air condensers with negligible dielectric losses (calibrated at 
low frequency) and resistances have been used as the basis of the work. Coils are tuned 
with such a condenser and measured as pure resistances. The so-called * shunt ” capacity 
of a coil is determined by successively balancing the coil with the standard condenser at two 
frequencies. The “shunt” capacity Cs may then be determined from the formula 


Со = 


where О: and Са are the balancing capacities at frequencies œ, and оз respectively. 

Absolute frequency determinations are made by bridging the gap from an audio frequency 
(tuning fork or siren) and the desired radio frequency by means of a valve oscillator with 
multiple harmonics. (See also Варо Review Abstract No. г, October, 1919.) 


1047. Tur Measurement оғ Very Suort Time INTzRvALs. P.E.Klopsteg. 
(Physical Review, 15, pp. 12—23, January, 1920. Science Abstracts, 
23A, рр. 313—314, Abstract No. 792, June 30th, 1920—Abstract.) 

_ For the determination of time intervals of the order of microseconds the method employed 

involves the determination of the potential difference of a condenser after it has been dis- 

charged for the interval of time to be measured. The particular novelty of the method 
described by the author lies in the use of a ballistic galvanometer in conjunction with a known 
potential difference or a potentiometer to determine the voltage of the condenser after 
discharge. The galvanometer deflection is due to the difference between the potential 


of the condenser and the comparison voltage and can therefore be made very small giving 
considerable accuracy. 


1048. Tue Use or Сомремѕевѕ iN Нісн-уогтасв MEASUREMENTS. А. 
Imhof. (Bulletin of the Schweizische Elektrotechnische Verein, 11, 
рр. 99—104, Мау, 1920. Science Abstracts, 238, рр. 335—336, 
Abstract No. 659, July 31st, 1920. Technical Review, 6, p. 724, 
August 31st, 1920—Abstract.) x 


This paper investigates various arrangements of condensers for subdividing a high voltage 


for measurement purposes, and points out the errors that may arise and how they may be 
overcome, i 


1049. SPARK Gar. F. Lowenstein. (French Patent 500709, June 14th, 1919. 
Published March 23rd, 1920.) 


The principal object is to provide a quenched spark gap of relatively simple construction, 
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in which the component parts shall be individually movable and replaceable without ‘dis- 
sembling the apparatus as a whole, and to provide easy means of adjustment. In опе form the 
apparatus comprises a supporting plate of insulating material, a casing closed at one end by 
said plate, a plurality of tubular spark gap elements mounted in line with suitable apertures 
in said plate and electrically connected in series, a fan being arranged to move air through the 
casing to cool the gap elements. Each spark gap element comprises inner and outer conducting 
shells arranged co-axially, insulating rings spacing the shells apart to provide the spark gap, 
and ribs extending into the wider portions of the gap. A switch is provided to allow any 
number of spark gap elements to be connected in circuit.* 


1050. APPARATUS FOR GENERATING OscitLaTions. С, Lorenz. (German 
Patent 306495, August 22nd, 1917. Patent granted October roth, 
1919. Addition to German Patent 300777. Jahrbuch Zeitschrift für 
drahtlose Telegrapbie, 15, p. 503, June, 1920.) 


An antenna excited by impulses from an electromagnetic buzzer circuit, See Fig. r. 
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1051. APPARATUS FOR GENERATING OsciLLaTions. Е. Е. Huth and В. 
Rosenbaum. (German Patent 307191, June Ist, 1915. Patent 
granted October 6th, 1919. Jahrbuch Zeitschrift fiir drahtlose Tele-. 
graphie, 15, p. 492, June, 1920—~Abstract.) 

An arrangement for generating damped oscillations by an automatic electromagnetic 
contact breaker in which the self-induced “ extra " E.M.F. of the electromagnet coil is used 
as charging voltage. 


1052, APPARATUS FOR GENERATION ОҒ OSCILLATIONS. Studien-Gesellschaft 
fiir Electrische Leuchtréhren. (German Patent 306317, November 3rd, 
1917. Patent granted October 28th, 1919. Jahrbuch Zeitschrift für 


drahtlose Telegraphie, 15, p. 166, February, 1920—Abstract.) 
A circuit in which the gap of a spark set transmitter is replaced by a discharge tube filled 
with one of the inert gases and provided with two electrodes of easily vaporisable metal. 


1053. Continuous Wavs GENERATOR. Société Francaise Radio-Electrique. 
(French Patent 502160, March 20th, 1915. Published May 6th, 1920.) 


The invention relates to the use of a mercury arc for the generation of electrical oscillations. 


* See also RApio Review Abstract No, 110, January, 1920. 
зк 2 
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The arc is formed in a vacuum tube T (Fig. 2) between an anode A formed, for example, of 
graphite, and a cathode K of mercury. The arcis fed by a continuous current from X, while 
R is a resistance in series therewith. A particular point in the construction of the apparatus is a 
platinum point p fixed in the cathode and also an auxiliary arc with an anode B fed from a 


в, 


4 
tiec 
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source Ха, through resistance Ri. The auxiliary arc forms a means of starting the main arc. 
To obtain the continuous waves an inductance L and a capacity C are connected across the 
main arc A, K.* 


1054. Arc Generator. О. Scheller and C. Lorenz Aktiengesellschaft. 
(German Patent 298973, Мау 28th, 1915. Patent granted October oth, 
1919. Jahrbuch Zeitschrift fiir drahtlose Telegrapbie, 15, pp. 171— 
172, February, 1920—Abstract.) 


An arc generator of sustained waves in which the electrodes are not in the same straight 
line. The arc burns in a closed chamber and in a magnetic field. 


1055. Continuous Wave Transmi1TER. Société Francaise Radio-Elec- 
trique. (French Patent 502639, December 8th, 1915. Published May 
2Ist, 1920.) 
The specification describes an arrangement of a mercury vapour tube for the production of 
continuous waves. For further particulars, see British Patent No. 126030. 


1056. THE Poutsen Arc Piant at KONicswusTERHAUSEN. H. Thurn. 
(Telegrapben- und Fernsprech-Techntk, 9, pp. 37—42, June, 1920; 
рр. 55—60, July, 1920.  Elektrotecbnische Zeitschrift, 41, рр. 686— 
687, September 2nd, 1920—Abstract.) 

A description of the aerial (five masts 150 metres high) and of two arcs by Lorenz of Berlin 
supplying 32 kW and 5 kW respectively to the aerial. Of interest is a note to the effect that 
both electrodes are now of carbon and both rotate; they are not in line but at 90° forming 
an inverted V. It is stated that a method of sending is used in which by increasing the 
damping the aerial current is reduced to zero and the power taken by the arc greatly reduced 
in the spaces between the Morse signals. Photographs of the arcs and a diagram of connec- 
tions are given. Various pieces of auxiliary apparatus are also described. The oscillation of 
the aerial is tested by a vacuum tube rotated at high speed in a darkened case. 

A diagram of connections is given of a magnetically operated sending key relay and of a 
new type of wavemeter. The latter is shown in Fig. 3. 

С Lı Са Та are connected in series, Сі = С, but Lı = 2-5 La. The instrument covers the 
range between the frequencies for which CaL? and Сл respectively arein resonance. Hence 


© See also U.S. Patent 1131190 (1910), by E. Weintraub, for a description of a very similar 
arrangement. г 
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as the frequency increases the impedance of CL; increases and that of CoLz/decreases, thus 
varying the ratio of the currents in the two fixed coils at right-angles and with it the position 


Fic. 3. 


of the freely rotating copper ring turning within them. A pointer is attached to the spindle 
carrying the ring. . 

The article concludes with references to experiments in telephony, details of which cannot 
yet be published. 

1057. Нісн Frequency ALTERNATOR. Société Frangaise Radio-Electrique. 
(French Patent 502604, September 16th, 1915. Published May 2151, 
1920.) 

The alternator is of the variable inductance type and the rotor and the stator are laminated 
in a direction parallel with the shaft, and comprise sets of plates forming teeth which are 
separated by non-magnetic material or by air gaps. The excitation and armature windings 
consist of coils concentric with the shaft and a single coil may serve both as excitation and as 
armature winding. A number of coils may be arranged on the stator with their sides dis- 
placed axially, which coils may be connected in parallel or series. For further particulars of 
this invention see British Patent No. 102738. 


1058. TRANSMITTER AND RECEIVER FOR WIRELESS TELEGRAPHY. Gesell- 
schaft für drahtlose Telegraphie. (German Patent 310162, April 20th, 
1918. Patent granted September 201, 1919. Jahrbuch Zeitschrift 

fiir drabtlose Telegraphie, 15, p. 82, January, 1920—Abstract.) 

A simple triode generating circuit with back-coupling in which the grid coil possesses 
inductance alone, so that, together with the internal capacity of the tube an oscillating circuit 
is formed, the wavelength of which is much smaller than the smallest wavelength of the main 
circuit. 

1059. Tur Aupion Оѕспілток. К. A. Heising. Journal of the American 
Institute of Electrical Engineers, 39, pp. 365—376, April, 1920, and 
рр. 471—478, May, 1920. Electrical World, 75, p. 1101, May 8th, 
1920—Abstract. Technical Review, 6, pp. 506—507, June 8th, 
1920—A bstract.) | 

The article covers the theory and operation of triode valve oscillator circuits. Vector’ 
diagrams are given of the phase relations in various circuits and the behaviour of the oscil- 
lator is considered as a function of its many variables, a series of curves being given in terms 
of the six independent variables of the circuit. The problem of securing high efficiency is 
also discussed. The scope of the paper may best be indicated by a list of the most important 
sections :—General oscillator circuits ; The simple oscillator circuit ; Simple vector diagrams ; 
Vector diagram including resistance ; Vector diagram with mutual inductance between grid 
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-and plate circuits; Phase relations in the Colpitts circuit ; The ordinary feed-back circuit ; 

Determination of frequency ; Application to complex circuits ; Coupled circuits ; Feed-back 
circuits ; Operation point on the characteristic curves ; Dynamic characteristic of an audion 
with attached circuit ; Coupling for power; Audion output impedance; Coupling adjust- 
ment; Audion load circuit ; Oscillator behaviour as a function of its variables ; Variation 
with filament current, with coupling, with input on grid, with antenna resistance and with 
grid resistance; Efficiency; Oscillator adjustments, and adjustments for multi-tube 
oscillators. 


1060. THE First Wrretress TELEPHONE Excuance. (Telegraph and 
Telephone Age, 38, p. 425, August Ist, 1920.) 
A note referring to the installation of a special telephone exchange at Avalon, Catalina 
Island off the Californian coast for providing automatic relay connection between the sub- 
scribers’ telephone stations at Catalina Island and the mainland. 


гоб. WIRELESS TELEPHONES. Société Française Radio-Flectrique. 
(French Patent 502722, February 15th, 1916. Published May 25th, 
1920.) 
This specification describes a wireless telephone apparatus using a triode valve. For 
details, see British Patent 127008. 


1062. WinELEss TELEPHONY. W. H. Eccles. (Nature, 105, pp. 519—522, 
June 24th, 1920.) 

The author first points out the recent advances that have been made in wireless telephony 
and then proceeds to summarise the leading methods of telephonic modulation of a C.W. 
source. In addition to direct modulation by a microphone in the aerial circuit, Fessenden's 
condenser microphones, Alexanderson's magnetic modulator and various forms of valve 
modulation are briefly described. At the end of the article two examples are quoted of high 
power plants, the first being the Western Electric Company's apparatus which was used for 
speaking across the Atlantic and from Arlington to Honolulu and the second the 20 kW 
set recently erected by Marconi’s Wireless Telegraph Company. An outline connection scheme 
for the latter apparatus is included and shows that the modulation is effected by a number 
of absorption valves shunting the aerial circuit. 


1063. DUPLEX WIRELESS TELEPHONY: SOME EXPERIMENTS ON ITS APPLICA- 
TION TO ArrcraFT. Р.Р. Eckersley. (Journal of the Institution of 
Electrical Engineers, 58, pp. 555-565; Discussion, pp. 565—571, 
July, 1920. Model Engineer, 43, pp. 111—115, August 5th, 1920; 
also pp. 126—130, August 12th, 1920— Abstract.) 

. Paper read before the Institution of Electrical Engineers (for abstract see Клото REVIEW, 

I, pp. 338— 340, 383—385, April and May, 1920 *), together with an appendix communicated 

after the reading of the paper and the discussion. 

The additional appendix deals with the equations expressing the frequencies of the radiated 
waves with voice modulation superimposed upon the steady C.W. The possibility of elimi- 
nating the initial unmodulated C.W. frequency, or the carrier wave frequency, is also 
discussed, and it is pointed out that with a “ quiescent aerial transmitter," of the type 
described in the paper, this may be effected by arranging matters so that the speech 
modulation is as much above as below the line of zero amplitude. A suggestion is also made 
as to the manner in which it might be possible to modify the circuits described in the paper 
to realise these conditions. 

In the discussion some curves are given by C. L. Fortescue to explain the bad speed obtained 
with the quiescent aerial transmitter as compared with the ordinary modulated transmitter. 
In the former case unwanted harmonics may be introduced at the receiver by reason of the 
unsymmetrical waveform. The question of the lag in the establishment of the H.F. oscilla- 


+ See also Rapio Review Abstract No. 623, August, 1920, for further references, | 
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tions was also dealt with by H. M. Dowsett and P. P. Eckersley, the former showing that the 
valves themselves could not account for a greater lag than about 10-5 sec. and that there- 
fore the observed lags of 1/300 sec. must be attributed to the circuits themselves. H. J. 
Round's suggestion that the bad speech is due to the successive wave trains not being in 
phase in the quiescent aerial transmitters whereas in the cases where a feeble oscillation 1s 
permanently maintained they are in phase, appears to be the most promising. 


1064. Recrervinc AERIALS AND Circuits. С. Leithauser. (Fahrbuch Zeit- 
schrift für drahtlose Telegraphte, 15, pp. 178—200, March, 1920.) 


A study of the arrangements for allowing reception to be carried on while transmitting by 
means of a neighbouring aerial, as in duplex workings. 

With a high degree of amplification one cannot use earthed aerials or even ordinary counter- 
poises because of the disturbing noises, one must employ open or closed directive systems. 
A horizontal insulated wire 200 metres long and 6 to 10 metres above the ground gives dis- 
turbing noises owing to rapid changes of air potential. Several methods of supporting large 
closed aerials on masts are discussed. The author then describes the heterodyne method of 
reception and the use of amplifiers. He discusses the relative advantages of large and small 
frame aerials. In a room where a large rotating coil is inconvenient, coils can be mounted 
flat on the four walls and connected to a radiogoniometer. He states that atmospheric 
disturbances are less with high narrow coils than with low wide coils. 


1065. EXPERIMENTS AND Tests wirH WimELEss Hicu-spEED TELE- 


GRAPHY. Е. Banneitz. (Zelegrapben- und Fernsprech-Technik, 9, 
pp. 90—93, August, 1920.) 

A description of a high-speed wireless system which has been developed in connection with 
the network of wireless stations now being established throughout Germany. Тһе trans- 
mitter consists of thermionic tubes delivering 800 watts to the aerial which is not directly 
connected to the tubes but coupled to the oscillatory anode circuit. It is essential to secure 
the antenna very rigidly to prevent small changes of capacity due to the wind. In the grid 
circuit is a double-current relay operated by a Wheatstone high-speed transmitter. The 
receiving aerial is coupled through a number of amplifiers to the double-current rectifier, 
shown in Fig. 4. 
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The grid battery is adjusted so that an E.M.F. in either direction in the transformer ET 
causes an increase in the anode current. The relay winding is only 50 ohms whereas the 
shunt R is 7,000 ohms, hence the receipt of a signal causes a rush through the relay winding 
to charge the condenser C; this throws the tongue over to marking : on the cessation of 
the signal, the condenser discharges and the tongue moves back to spacing. Other schemes 
are described in the article. Instead of an elevated aerial in some cases two closed frames 
at right angles are used connected to a goniometer. In the experiments between Berlin 
and Königsberg the transmitter was at Kónigswusterhausen, the receiver at Teltow, whilst 
the Wheatstone transmitter and inker were at the main telegraph office in Berlin, connection 
with which was obtained by superposition upon the telephone circuits, The speed obtained 
depended on the degree of interference, but reached a maximum of 300 letters a minute. 
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1066. APPARATUS FOR ALTERATION OF WavrzLEeNcGTH. Е. Е. Huth and 
S. Loewe. (German Patent 307713, January 16th, 1916. Patent 
granted October 7th, 1919. Jahrbuch Zeitschrift für drahtlose Tele- 
graphie, 15, p. 346, April, 1920.) 

An arrangement in which a variable condenser and a variometer are controlled by means of 

a single handle. 


1067. Tuninc Device ror WinELEss TELEGRAPHY. Е. Е. Huth. (German 
Patent 307714, November 25th, 1917. Patent granted October 7th, 
1919. Jahrbuch Zeitschrift für drahtlose Telegraphie, 15, p. 346, 
April, 1920.) 
A variometer for use in the transmission and reception of sustained waves consisting of a 


short-circuited coil coupled to the main circuit. Comparatively large alterations in the position 
of the short-circuited coil produce only small variations in the main self-inductance. 


1068. Nore on THE Inpur ІмрЕрАксЕ ов Vacuum Товвв AT Каро FRE- 
QUENCY. J. Weinberger. (Proceedings of the Institute of Radio 
Engineers, 8, pp. 234—341, August, 1920.) 

The high frequency input impedance of a triode valve (z.e., impedance of the grid-to- 
filament path) for negative grid voltages is not infinite as the ordinary direct current charac- 
teristic would lead one to expect, but varies considerably with the frequency. Because of 
the considerable capacitative coupling between the grid-to-filament path and the plate-to- 
filament path the apparent input impedance is also found to be a function of the character 
of the output circuit. A substitution method of measuring the apparent input resistance for 
any particular tube is described. Using this method it was found with a Western Electric 
valve, Type D, that as the output resistance was varied from zero to 5 megohms the apparent 
input resistance varied from infinity down to a minimum of 50,000 ohms and then up to 
170,000 ohms. An inductance inserted in the anode circuit produced a diminution of 
effective input impedance, while a capacitative output circuit produced neither a positive nor 
negative effect at the input terminals. 

In the discussion L. M. Hull showed the deductions made from the experimental results 
to be considerably in error in that the input impedance is regarded as a pure resistance whereas 
Miller (see Каро Review Abstract No. 416, June, 1920) has shown that the input impedance 
of a tube having a pure resistance load in the anode circuit should be represented by a resistance 
in series with a capacity. 


1069. EXPERIMENTS ом WIRELESS Direction FINDING IN AIRCRAFT. R. 
Baldus and E. Buchwald. (Jahrbuch Zeitschrift für drahtlose Tele- 
graphie, 15, pp. 214—236, March, 1920. Science Abstracts, 23B, 
рр. 399—400, Abstract No. 766, August 31st, 1920—Abstract.) 

Further details of tests made at the military aerodromes at Döberitz and Lärz.* Signals 
were sent out from the aeroplane and picked up on a Bellini-Tosi type of receiving antenna. 

Tests were also made with horizontal cross receiving antennæ, the results being very similar. 


1070. Rapio Direction CHANGES AND VARIATIONS OF ÅUDIBILITY. С. 
Kinsley and A. Sobey. (Proceedings of the Institute of Radio En- 


gineers, 8, pp. 299—325, August, 1920.) 

Describes experimental work carried out with the aim of determining to what extent 
electromagnetic waves change their direction as measured by the radiogoniometer and to 
obtain the relation existing, if any, between changes of audibility and changes of direction. 
Using a radiogoniometer it has been found that the minima lie 90° from the direction of the 
transmitting station—using normal daylight conditions—even though the maximum vector 
does not lie along this direction, a typical example showing that where the angle between 


* See Rapio Review Abstract No. 672, August, 1920. 
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true direction and maximum vector was 10° the direction indicated by the minima observa- 
tions was only thirty-five minutes in error. The audibility meter used consisted of an iron core 
inductive resistance in series with a high resistance telephone, shunted by a non-inductive 
resistance, the audibilities being computed by using the impedance of the telephone, and not 
the resistance, in the usual equations. It was found that during sunlight the direction measure- 
ments varied but little though they were extremely erratic during the night. In the case 
of transmitters employing an undamped wave of great wavelength more directional distortion 
is found than when a transmitting system using damped waves and a shorter wavelength is 
employed. 

The changes in audibility are of much more frequent occurrence and are proportionally 
much larger than the changes in direction, while there appears to be no evident relation between 
audibility and direction changes. There is much evidence to support the view that the 
audibility changes follow a diurnal cycle as well as а seasonal one. Various theories to account 
for the observed phenomena are proposed, notably that in which reflection at the atmospheric 
“ isothermal layer " (10 km high) is assumed. 


1071. MEASUREMENT OF THE ELECTROMAGNETIC FIELD or WAVES RECEIVED 
DURING TRANS-OCEANIC Rapio Transmission. (С. Vallauri. (Pro- 
ceedings of the Institute of Radio Engineers, 8, pp. 286—298, August, 
1920.) 

This article was first published in L’Elettrotecnica,* and its subject-matter has already 
been dealt with in the editorial article in the October issue of the Rapio Revirw.t Іп 
the discussion of the paper as published by the Institute of Radio Engineers, Dr. Austin 
emphasises his belief that the Naval (Austin) formula would agree with the uverage current 
received at Leghorn from Annapolis with an error not much greater than 50 per cent. Fuller'e 
formula is also stated to be probably in error on account of the assumption made in the 
experimental work that the received telephone current (in which a tikker was used) is pro- 
portional to the power in the antenna, whereas it is more nearly proportional to the received 
antenna current. 


1072. On THE PROPAGATION or ELECTROMAGNETIC WAVES AROUND THE 
Кавтн. В. уап der Pol. (Philosophical Magazine, 40, p. 163, July, 
1920.) 

A short note pointing out an error in the earlier paper by the same author,{ in connection 
with the comparison of the theoretical and observed received currents in radio transmission 
over long distances. This error reduces the discrepancy between the theoretical and observed 
values, but does not invalidate the author’s previous conclusions. 


1073. OBSERVATIONS ON Карго Transmission PHENOMENA. (Scientific 


American, 123, p. 129, August 7th, 1920.) 
Reference is made to an arrangement between the United States Bureau of Standards and 
the American Radio Relay League for the systematic observation of radio transmission 
phenomena as regards fading of signals and variation of signal strength with meteorological 


conditions. 

1074. EXPERIMENTS ON THE FILTERING OUT or THE HARMONICS FROM THE 
Nauen SicNALs. А, Meissner and K. W. Wagner. (Jabrbucb 
Zeitschrift für drahtlose Telegraphie, 15, pp. 200—214, March, and 
рр. 392—406, Мау, 1920. Technical Review, 6, p. 690, August 17th, 
1920—Abstract. Scrence Abstracts, 238, рр. 395—397, Abstract 


No. 760, August 31st, 1920—Abstract.) 
The oscillations produced in the aerial by an arc, a Goldschmidt alternator, or an alternator 


* See Варто Review Abstract No. 958, October, 1920, for references. 
T Rapiro Review, 1, рр. 652—655, October, 1920. 
{ Баро Review Abstract No. 48, November, 1919. 
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with frequency doublers, always contain higher harmonics which produce interference when 
receiving by the heterodyne method other continuous wave stations working at a smaller 
wavelength. At the suggestion of Max Wien the authors carried out tests to get rid of the 
harmonics in the Nauen aerial. These were caused mainly by the magnetic phenomena in the 
doublers, but were not of sufficient magnitude compared with the fundamental to be detected 
on a wavemeter. The success of the various devices was tested at three receiving stations, 
4, 30, and 200 kms away. Тһе harmonics were all those of the main aerial frequency up 
to the ninth and all the odd ones of the two foregoing frequency steps up to the seventh. 
With increasing excitation the harmonics increased more rapidly than the main wave. As 
the result of a number of trials the arrangement adopted consisted of a condenser and induc- 
tance in parallel across the secondary terminals of the last transformer which are connected 
also to the antenna and earth. This circuit tuned to the aerial frequency offers a high 
impedance to the main frequency but a low impedance to other frequencies. In addition to 
this two circuits consisting of inductance and capacity in series, tuned to the frequencies of 
the two principal harmonics were connected between the same terminals, thus giving addi- 
tional paths of low impedance to these harmonics. The antenna current was only decreased 
9 per cent., but the harmonics were almost entirely removed. 

Experiments were also made on an artificial antenna in the laboratories of Siemens and 
Halske to test the efficacy of inserting a filter between the transformer and the antenna. 
This filter consisted of two elements of an artificial line. This proved very successful in 
removing the harmonics and had the advantage of being independent of tuning; it was 
thus unaffected by variations of generator speed. 


1075. VALVE AMPLIFYING Ствсотт ғов WIRELEss TELEGRAPHY. С. Lorenz. 
(German Patent 308411, December 18th, 1917. Patent granted 
October 1oth, 1919. Fabrbuch Zeitschrift für drahtlose Telegraphie, 
15, p. 165, F 'ebruary, 1920—Abstract.) 

A а circuit in which any number of tubes can function in parallel. The switches 


are so arranged that as the number of tubes in use increases the retroactive coupling becomes 
looser. See Fig. 5. 
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1076. RECEIVING CIRCUIT FoR SUSTAINED Waves. Gesellschaft für drahtlose 
Telegraphie. (German Patent 308414, April 15th, 1914. Patent 
granted September 23rd, 1919. Jahrbuch Zeitschrift für drahtlose 
Telegrapbie, 16, p. 232, September, 1920.) 


A circuit (see Fig. 6) in which an alternating current produced in the anode circuit of the 


tube by an external heterodyne continues with the incoming oscillation to produce beats, 
Signals are received in an aperiodic detector circuit. 


5 
cS 
= 
«> 
ES 
> 
a 


Fic. 6. 


1077. RECEIVING НЕТтЕКОПУНЕ ARRANGEMENT. Société Francaise Radio- 


728 THE RADIO REVIEW Vor. 1. 


Électrique. (French Patent 502041, February 11th, 1915. Published 
May Ist, 1920.) 

The invention relates to means for increasing the sensitiveness of receiving apparatus by 
employing two rectifying detectors of different polarities as for example in the manner 
indicated in Fig. 7 (a) in combination with a heterodyne arrangement. The specification 
shows various ways of arranging the two detectors. In Fig. 7 (c), L is the secondary 
inductance of the receiving circuit. In parallel with the condenser C are connected two 
detectors D,, Па, each in series with a telephone Т), Та respectively. By employing а 
transformer with windings Ра, Ps and a single secondary, a single telephone сап be employed 
as shown in Fig. 7 (b). By combining this method with a heterodyne arrangement permitting 
the introduction of an auxiliary radio-frequency voltage in the circuit, so that the fraction 
of the current rectified is proportional to the voltage applied to the detectors, it is claimed 
that a sensitiveness can be obtained which is twice that of the usual arrangements. 


1078. RECEPTION or UnpampeD Waves: Сонзтвостон oF A HETERO- 
DYNE. F.Duroquier. (La Nature, 48(2), Supplement p. 43, August 
7th, 1920.) 
The arrangement described constitutes a single valve réceiver arranged for autodyne 
reception of continuous waves with an alternative of a crystal detector for spark reception. 


1079. Reception oF Unpampep Waves. Е. Duroquier. (La Nature, 
48(2), Supplement pp. 3—4, July 3rd, 1920 and Supplement p. 12, 
July roth, 1920.) 


Simple constructional details are discussed for a tikker receiver for C.W. reception. 


1080. MACHINES ror CONSTRUCTING THERMOPHONES. А. M. van Doorn. (U.S. Patent 
1338886 and 1338887, March Ist, 1910. Patent granted May 4th, 1920.) 
Describes machinery to facilitate the construction of thermophone receivers. 


1081. How WirELEss SIGNALS АКЕ Кескіуер. С. С. Crawley. (Discovery, 
I, pp. 206—209, July, 1920.) 


The author gives a popular summary of the development of radio receivers from the coherer 
to the modern three-electrode valve. Some of the applications of valves to wireless tele- 
graphy and to high speed working are also referred to. 


1082. Кескіуінс Crrcuir ғов WIRELESS TELEGRAPHY. Gesellschaft für 
drahtlose Telegraphie. (German Patent 310732, October 17th, 1918. 
Patent granted September 20th, 1919. Jabrbuch Zeitschrift für 
drabtlose Telegraphie, 16, p. 233, September, 1920.) 

An adaptation of the so-called “ Ну wheel ” circuit in which the heating battery of a triode 
and its circuital elements are used as the counterpoise for the antenna. 


1082. SENDING AND Recervine Сіксілт For WirELESS TELEGRAPHY. Е. Е. 
Huth. (German Patent 310702, October 14th, 1917. Patent granted 
October 7th, 1919. Jahrbuch Zeitschrift für drahtlose Telegraphie, 
15, pp. 167—168, February, 1920—Abstract.) 

A simple triode generating circuit which is transformed by means of a switch to a receiving 
circuit with a reduced anode voltage. Alteration of the coupling between the various circuits 
is thus avoided. 


1084. Resonance Wave Соп. С. O. Squier. (Electrical World, 76, p. 137, 
July 17th, 1920.) 

_ Refers to the development of a resonance coil for radio reception which may be used either 

in conjunction with an ordinary aerial or as its own antenna. The coil has goniometric 

properties. See also Rapio Review Abstract No. 854, September, 1920. 
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1085. Tur Use or Evecrric Licut Mains ror THE RECEPTION or WIRELESS 
Sicnats. M. Thiercelin. (Za Nature, 48(2), Supplement p. 22, 
July 17th, 1920.) 
A short note describing apparatus used for the reception of wireless signals using electric 
light wires for aerial, a small condenser being interposed between the power circuit and the 
receiving apparatus. 


1086. ArnrALs. К. O. Ranger. (French Patent 501746, July 18th, 1919. 
Published April 22nd, 1920.) 


An arrangement of receiving antenna is described in this specification such that the effects 
produced by a signal from a distant transmitting station are conveyed separately to a single 
receiving apparatus from a number of antennz. The effects act collectively on this receiving 
apparatus independently of all relations between the wavelengths employed and the dis- 
tances separating the aerials. In Fig. 8, T represents the transmitting station, and А}, Аз 
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Ag, A, the separate receiving antennae which may be separated at equal or other distances 
from one another and from the transmitting station. The antenna A, is connected to an 
inductance L; and thence to earth through the condenser C,. The terminals of this con- 
denser are joined to a high frequency amplifier designated by V, and thence to the primary 
winding of the transformer 1.3, Ls. The secondary Ls of this transformer i is Joined through 
the condensers Cs, C, to the receiving apparatus X. Two variable tuning condensers C4, C; 
are also included in the circuit at the receiver. At the receiver, a coil L, is connected to earth 
through the receiving instrument R, and is provided with a number of movable coils Ls, Le, 
L;, Тв, connected to their respective aerials іп the manner indicated in the case of Ls. The 
effects of the received signals from T are thus combined together and conveyed to R, the 
maximum effects being obtained by adjusting the positions of the sliding coils. 


1087. WIRELESS TELEPHONY ім Horirawp. (Telefunken Zeitung, 4, No. 20, 
РР. 74—75, May, 1920.) 


A short description of two small stations erected for the Dutch postal authorities ; one is 
atthe Hague and sends weather reports to lightships, the other at Soesterberg. 


1088. WIRELESS TELEGRAPHY iN FiNLzAND. (Electrical Review, 86, p. 721 
June 4th, 1920.) 
i Refers to the establishment of a network of wireless telegraph stations for press messages. 
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1089. А Larce Swepisu Варо Station. (La T.S.F. Moderne, 1, p. 64, 
May, 1920.) 

Reference is made to a project for the establishment of a station in Sweden near Falkenberg 
for communication with the United States. The aerial is to be supported by towers 650 feet 
high. The wavelength is to be 17,000 metres and the station is to employ from 300 to 
400kW. It is hoped that it will be ready for operation in 1923. 


1090. WinELEss iN MeEsoporAMIA AND Persia. W. Wettlanger. (Tele- 
funken Zeitung, 4, No. 20, pp. 43—56, Мау, 1920.) 
Some details and illustrations are given of the portable, and other stations, and of the 
ranges worked. 


1091. Carnarvon Rapio Station. (Electrical Experimenter, 7, рр. 778 and 
826—827, December, 1919.) 
An illustrated description abstracted from the Wireless World, 7, pp. 301—307, September, 
1919. 
1002. TRopicAL RapiorELEGRAPH СомрАНУ?5 STATIONS AND EQUIPMENT. 
(Telegraph and Telephone Age, 38, pp. 272—275, May 16th, 1920.) 
A short illustrated description of the New Orleans and Swan Islands Stations and of some 
ship installations fitted by the Tropical Radiotelegraph Company. 


1093. Lone Distance Варто COMMUNICATION ім Снпі. E. W. Fielding. (Technical Review, 
6, p. 507, June 8th, 1920—Abstract.) 
See also Rapiro Review Abstract No. 451, June, 1920. 


1094. REMINISCENCES OF WIRELESS ON THE Bump Parro. M. B. Egan. 
(Wireless World, 7, pp. 557—563, January, 1920.) 
Some of the wireless apparatus used on anti-submarine patrol aircraft 1s described and 
illustrated. 


1005. An ExrERIMENTALSTATION. E.Ludwig. (Wireless World, 7, рр. 583 
--586, January, 1920.) | 


.Constructional details are given. 


1096. Каро Еос SicNALLING. (Electrical Experimenter, 7, p. 909, January, 
1920.) 

Some experiments carried out by the Bureau of Standards, Washington, and by the Bureau 
of Lighthouses, U.S.A., are referred to, relative to the use of radio signals from lighthouses 
in Chesapeake Bay. A rotating frame aerial and four-stage amplifier was used on the ship 
and it was found that at a distance of fifty miles the position of the ship could be determined 
to less than half-a-mile. 


1097. Tue New Mexican TELEFUNKEN STATION AT CHAPULTEPEC. (Tele- 


funken Zeitung, 41, No. 20, pp. 19—22, May, 1920.) 
An illustrated description of the station which has a 150—170 kW 500-cycle alternator, a 
100,000 volt transformer and a quenched spark gap. 


1098. TELEFUNKEN Exuisition. (Telefunken Zeitung, 2, No. 18, pp. 11—28,- 
October, 1919.) 
Description of an exhibition of Telefunken apparatus old and new, which has since been 
put on a permanent basis at the headquarters of the company in Berlin. 


1099. THE ARCHITECTURE OF THE Nauen Station. H. Mathesius. (Tele- 
funken Zeitung, 3, No. 17, pp. 33—45, August, 1919.) 


A well-illustrated descriptive article. 
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1100. Duptex Recervinec Apparatus AT Gettrow. A. Esau. (Telefunkem 
Zeitung, 17, pp. 75—78, August, 1919.) 
A brief description of the station near Potsdam, which serves as the receiving station in the 
Nauen duplex system. 


110I. Mica ConpENSERS FoR Rapio Sets. (Electrical Experimenter, 7, 
p. 781, December, 1919.) 


Two patterns of enclosed radio transmitting condensers with mica dielectric are illustrated. 


1102. THE DESIGN AND CONSTRUCTION OF CONDENSERS FOR RADIOTELE- 
GRAPHY. P. Maurer. (L’Electricien, 51, pp. 278—279, July Ist, 1920.): 


The author deals with the difficulty of constructing small receiving condensers to any giver 
capacity, and refers to the advantages of series-parallel connection of small condenser units 
to obtain the desired capacity values. 


1102. Execrric Conpensers. W. Dubilier. (British Patent 141658, July 
24th, 1919. Convention date, April 11th, 1919. Patent not yet 
accepted but open to inspection. Wireless Age, 7, pp. 19—20, June, 


1920—Abstract.) 

The construction of multi-plate condensers is described, in which the plates are formed of 
some hard material such as copper coated on both sides with a soft material such as lead foil 
which may be pressed into intimate contact with the irregularities of the dielectric sheets... 
The copper “ core " to the plates enables greater conductivity to be obtained in the plates. 


1104. Exectric Conpensers. W. Dubilier. (British Patent 141690, 
April 15%, 1920. Convention date, April 11th, 1919. Patent not yet 
accepted but open to inspection. Wireless Age, 7, pp. 22--23, 
March, 19z20—Abstract.) 

The construction of condensers having a number of units in series is described, the terminal 
connections between the succeeding sections being arranged at various points round the block. 
of sections so that the use of insulating barriers between them is avoided. 

1105. Erecrric Сомремѕек. E. A. Bayles. (British Patent 139694, 
May 23rd, 1919. Patent accepted March 11th, 1920.) 

The arrangement of a battery of oil-immersed condensers in a containing tank is dealt with. 
1106. An EFFICIENT VARIABLE CoNDENSER. G.W. Hale. (Wireless World, 


7, pp. 630—632, February, 1920.) 
Constructional details and dimensioned drawings are given. 
1107. ConDENSERS AND Resistances. (La T.S.F. Moderne, 1, рр. 56-58, 
May, 1920.) 
Constructional details are given of simple forms of grid and intervalve coupling condensers 
and of grid and anode resistances for valve circuits. 


1108. A Wer CorroN Grip LEAK AND INTERVALVE Resistance. Е. W. 
Kitchin. (Wireless World, 8, pp. 265—266, July 1oth, 1920.) 

This article deals with some experiments on the use of a wet cotton thread for grid leaks. 
and intervalve resistances for amplifiers. For a grid leak the cotton thread is attached to two 
copper wire terminals which are hermetically sealed into a rubber tube filled with distilled 
water; while for anode circuit resistances a loop of cotton may be suspended in a small. 
hermetically sealed receptacle containing distilled water to maintain the cotton in a wet 
condition. 


1109. A New Tyre or Нісн Resistance. F. Skaupy and H. Ewest. 
(Zeitschrift fiir technische Phystk, 1, pp. 167—169, August, 1920.) 


Graphite is deposited on spirals of insulating material, generally glass, which are then 
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preferably enclosed in a glass bulb filled with hydrogen because of its superior heat conduc- 
tion. The bulb is fitted with an Edison socket like a glow lamp or fitted with a metal clip 
at each end for convenient insertion in a socket. The results of tests on three resistances of 
3-6.103, 14.103 and 33.103 ohms respectively, showed that with currents of 5, 4 and 
2 milliamperes the resistances immediately took up their final value, whereas with currents 
of 42, 21 and 9 milliamperes an interval of from 7 to 15 minutes elapsed before the steady 
values were attained, the resistances falling from 3 to 9 per cent. of their initial value. On 
cutting off the current they regain their initial value. When tested with very small currents 
they showed no signs of troublesome contact resistance. 

They can stand a continuous load of 1 watt per square centimetre of graphite surface. 
They are being made in standard sizes for values ranging between 1,000 and 500,000 ohms. 


1110. TELEGRAPHING BY Ікуібівів Licur Beams. H. Gernsbach and . 
H. W. Secor. (Electrical Experimenter, 7, p. 1126, March, 1920.) 

Some editorial notes referring to the article by H. de Gallaix on telegraphy with infra- 
red rays (see Abstract No. 1or9, October, 1920). It is mentioned that successful trans- 
mission has been obtained by this means between Sandy Hook and the Woolworth Buildingin 
New York City, the distance being eighteen miles. 


IIII. TALKING OVER А SUNBEAM. А. О. Rankine. (Electrical Experimenter, 
7, pp. 1263 and 1315—1316, April, 1920.) 
A summary of some of the methods of photophony, and of the author’s arrangements.* 
JII2. SIGNALLING By ÍwvisisnE Rays. (Engineering, 109, pp. 797—798, 
June 11th, 1920.) 
A brief résumé of maritime development in signalling by ultra-violet and infra-red rays. 
‘The researches of Case, Coblentz and Professor Wood are briefly summarised. 
1113. THERMO-ELECTRICITY AND SOME OF ITs ÁPPLICATIONS. Р. R. Coursey. 


(Wireless World, 8, pp. 181—185, June 12th, 1920.) 
The use of thermopiles for telephony by light and heat rays is referred to in this article. 


1114. SUBMARINE SounD RECEIVERS AND Transmitrers. М. I. Pupin. 
(British Patents 139496 and 139497, February 25th, 1920. Con- 
vention date, February 4th, 1919. Patent not yet accepted but open 
to inspection.) 

Apparatus is described for submarine sound signalling using high frequency impulses (of the 
order of 100,000 ~) using a condenser transmitter and a crystal receiver operated by 
clianges of pressure (Piezo-electric effect). 

1115. Mopern Marine Рвовімв ім War Амр Peace. С. V. Drysdale. 
(Journal of the Institution of Electrical Engineers, 58, pp. 572—597, 
July, 1920. Engineering, 110, pp. 484—486, October 8th, pp. 521— 
523, October 15th, and pp. 552—554, October 22nd, 1920— 
Abstract.) 

Report of the Eleventh Kelvin Lecture delivered before the Institution of Electrical Engi- 
neers on April 151, 1920. The paper deals with the wartime research work carried out by 
the Admiralty departments and is divided into four sections dealing respectively with Sub- 
marine Detection, Defence and Destruction, Navigational Applications, and General Scientific 
Research. The various types of hydrophones are fully described and also the “ leader ” cable 
and other aids to navigation. Appendices deal with the Theory of Acoustic Transmission ; 
the Theory of Three-station Sound Ranging ; Theory of the Propagation of Electromagnetic 
Waves in a Conducting Isotropic Medium (such as sea water) ; the Transmission of Alternating 
Currents through Large Conductors, and the Current and Field Distribution in a Conducting 
Medium surrounding a Cable carrying an Alternating Current, 


* See Rapio Review Abstracts No. 178, January, 1920, No. 255, March, 1920, and No. 
731, August, 1920. | 
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1116. THe Гнвковү oF RECEIVERS FoR Sounn ім Water. H. A. Wilson. 
(Physical Review, 15, pp. 178—205, March, 1920. Science Abstracts, 
23А, p. 397, Abstract No. 1000, July 31st, 1920.) 

A mathematical paper divided into five sections dealing respectively with: (1) Single 
receivers ; (2) two receivers as used for direction finding ; (3) multiple receivers ; (4) lines of 
receivers ; (5) receivers distributed over large areas. 

III7. SWIVELLING BRACKETS FOR MOUNTING ELEcTRIC GENERATORS ON 
Атвскдет. Е. |. Hooper. (British Patent 138212, March 24th, 1919. 
Patent accepted February 5th, 1920.) 


» Wind driven dynamos are mounted on aircraft by means of a swivelling bracket so that they 
may be brought to different angles with respect to the air stream in order to regulate their speed. 


1118. Атвсвавт Rapio. (La Nature, 48, pp. 156—165, April roth, 1920. 
Technical Review, 6, p. 549, June 22nd, 1920—Abstract.) 


A general article describing in detail the state of knowledge with regard to aircraft radio 
apparatus prior to the war and of the development of the various branches of radio work in 
aircraft during the war. Illustrations are given of some of the apparatus used both for 
telegraphy and telephony, while the installations used for direction finding are also dealt with. 


1119. Man, Ав anp Етнек--Гнв First Lonpon-Paris FLIGHT on A 
Hanpiey-PaceE COMMERCIAL MACHINE FITTED wiTH WIRELESS 
Теткрнону. Н. С. уап der Velde. (Wireless World, 8, pp. 119—124, 
May 15th, 1920. Technical Review, 6, p. 589, July 6th, 1920— 
Abstract.) 

An account of the trip from London to Paris and back on March 4th, 1920, of a Handley- 
Page machine carrying a wireless telephone installation. Some particulars as to the ranges 
obtained are given throughout the article, which is also accompanied by a photographic 
illustration of the gear. 

1120. Атвсвлғт WIRELESS SETS: THE 54А Spark TRANSMITTER. J. J. 
Honan. (Wireless World, 7, pp. 512—514, December, 1919.) 

An illustrated description.* 

1121. How AEROPLANES ARE NAVIGATED BY WinELESs. R. Keen. (Wireless 
W orld, 7, pp. 578—582, January, 1920.) 

This paper summarises the difficulty of D.F. work on aircraft.t 
1122. WIRELESS SERVICE ON АвсвАғт Roures. (Wireless World, 8, 

рр. 237—240, June 26th, 1920. Technical Review, 6, pp. 724—725, 
August 3Ist, 1920.) 

The various applications of wireless telephony in aircraft are discussed. 

1123. THE ELIMINATION or MAGNETO DISTURBANCE IN THE RECEPTION OF WIRELESS SIGNALS 
ом AIRCRAFT. J. Robinson. (Science Abstracis, 23B, pp. 165—166, Abstract No. 334, 
March, 1920—Abstract.) 

See RADIO REVIEW, I, pp. 105—110, December, 1919, for original paper. 

1124. “ THe Eximination oF Масчето Disturspance.” L. J. Voss. (Radio 
Review, 1, pp. 258—259, February, 1920.) 

Correspondence relative to the paper by J. Robinson with the above title.] 

1125. Него, Mans. H. W. Secor. (Electrical Experimenter, 7, p. 48, April 
1920.) 


* See also Клріо Review Abstract No. 258, March, 1920. 
t See also Rapio Review Abstract No. 361, May, 1920. 
I Rapiro Review, І, pp. 105—110, December, 1919. 
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1126. Insutatinc MATERIALS. (Telegraph and Telephone Аре, 38, pp. 73— 
74, February Ist, 1920.) 


A resumé of the chief properties of electrose, fibre, and the bakelite products as insulating 
materials, and also in connection with their use in radio work. 


1127. EARLY Experiences OF A WIRELESS AMATEUR. W. J. Егу. (Wire- 
less World, 7, pp. 602—604, January, 1920.) 


Some early experiments with coherers and similar apparatus are described. 


1128. Trarnine or AN R.A.F. Wrrevess OPERATOR. М. В. Egan. (Wire- 
less World, 7, pp. 621—627, February, 1920.) 


The equipment of Flowerdown Training Camp, Winchester, is discussed and illustrated. 


1129. M. Branty’s Donation To тне“ Ровткв ET T&LEGRAPHES " MUSEUM. 
(Annales des Postes, Télégraphes et Téléphones, 8, pp. 651—653, 
December, 1919. Revue Générale de P Électricité, 7, p. 240, Feb- 
ruary 14th, 1920—Abstract.) 


The early forms of Branly’s coherers included in this donation are briefly described and 
illustrated. 


1130. NAVAL OBSERVATORY TIME SicNALS. (Scientific American, 122, p. 417, 
April 17th, 1920.) 
Some of the results of observations on the accuracy of wireless time signals are quoted. 
The majority of the errors centred round o-o1 second. Figures for the transmission lags of 
some American stations are also given. 


1131. NAUEN AFTER THE War. (Telefunken Zeitung, 4, No. 20, pp. 12—14, 
May, 1920.) 
Deals with the radio traffic between Germany and U.S.A. 
1132. WIRELESS TELEGRAPHY ІЧ Nortu America. (Elektirotechnische Zeit- 
schrift, 41, p. 416, May 27th, 1920.) 
Refers to the signalling ranges of some of the high power American stations. 
1133. ELECTRICAL ENGiNEERING— WinELEss. (Tbe Times Engineering Sup- 
plement, No. 543, p. 29, January, 1920.) 
Very brief notes re wireless progress during 1919. 
1134. MAGNETIC STORMS AS AFFECTING OcEAN ‘TELEGRAPH CABLES. 
Е. Raymond-Barker. (Electrical Review, 86, p. 293, March 5th, 1920.) 
Refers to the application of wireless to giving warnings of magnetic storms. 
1135. Time TABLE oF THE РвіксірРАТ, RADIOTELEGRAPHIC TRANSMISSIONS. 
Е. Duroquier. (La Nature, 48, Supplement р. 9, January 1oth, 1920. 


Revue Générale de I Électricité, 7, p. 548, February 21st, 1920.) 
The table includes particulars as to the messages sent (press, time-signals, etc.) and states 
the wavelength and whether damped or continuous waves. 


1136. WIRELESS TELEGRAPHY AND THE UniFication oF Time. (L Électricité, 
2, p. 1, February 15th, 1920.) 
Suggests the utility of wireless signals for securing agreement in clock readings at railway 
stations. 


1137. WIRELESS IN Wamranr. (Telegraph and Telephone Fournal, 6, pp. 


164—166, July, 1920.) 
Describes the methods of wireless signalling from aircraft used for directing artillery fire. 
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1138. INTER-IMPERIAL COMMUNICATION THROUGH CABLE, WIRELESS AND Ав. C. Bright. 
(Génie Civil, 76, p. 284, March 13th, 1920; Revue Générale de I’ Électricité, 7, p. 196D, 
June 19th, 1920— Abstract.) 

See Rapio Review Abstract No. 204, February, 1920, for reference to the original 
paper. 

1139. SENSITIVE APPARATUS FOR THE MEASUREMENT OF ALTERNATING CuRRENTS. H. Abra- 
ham, E. Bloch and L. Bloch. (Zeitschrift für Instrumentenkunde, 40, p. 79, April, 
1920—Abstract.) 

See Rapio Review Abstract No. 5, October, 1919. 


1140. Оло AND Морекм Теһерномвв. W. |. Fry. (Wireless World, 8, 
p. 167, May 29th, 1920.) 


Some historic telephone receivers are illustrated in this short note. 


1141. “ Техт-вбок ом WIRELESS TELEGRAPHY.” Rupert Stanley; 
R. Whiddington. (Radio Review, 1, pp. 418—420, May, 1920.) 


Correspondence relative to the above book by R. Stanley.* 


1142. SPEAKING ON A BATTLESHIP TO A Crown ім New York City. (Scien- 
tific American, 122, p. 601, May 29th, 1920.) 
Describes a recent experiment in which speech by Mr. Daniels from the Pennsylvania was 
rendered audible to a crowd in New York City. The constructional arrangement of the loud 
speaking telephone that was used is also given. 


1143. THE USE or A VALVE AMPLIFIER AND TELEPHONE FOR THE DETECTION 
оғ х AND В ParticLes FROM RapioacTivE Вопткз. M. Holweck. 
(Revue Générale de P Electricité, 7, p. 713, May 29th, 1920.) 

Abstract of paper read before the Société Française de Physique. 


1144. WIRELESS TELEGRAPHY IN THE Rep SEA DURING THE War. G. Monte- 
finale. (Wireless World, 7, pp. 679—683, March, 1920.) 


1145. Tue Dancer or Hertzian Waves. (La Nature, 48, pp. 252—253, 
May 15th, 1920.) 
Briefly describes some experiments to test the possibility or otherwise of combustion 
being produced by sparks set up by Hertzian waves. 


1146. Нтсн Frequency MULTIPLEX TELEPHONY AND TELEGRAPHY. H. Fassbender and E. 
Habann. (Science Abstracts, 23в, pp. 106—107, Abstract No. 201, February, 1920— 
Abstract. Electrical World, 76, p. 86, July roth, 192o— Abstract.) 

See Каро Review Abstract No. 322, April, 1920. 


1147. Свовс Gnar von Arco. (Telefunken Zeitung, 3, No. 17, рр. 5—19» 
August, 1919.) 
A biographical notice of Count von Arco, who with Slaby founded what afterwards developed 
into the Telefunken Company. 


1148. Aituer. P. R. Coursey. (Wireless World, 8, рр. 37—40, April 17th, 
1920. Technical Review, 6, p. 467, May 25th, 1920—Abstract.) 

А summary of some of the early theories of the ether and of some of the known facts relative 
to its properties. An “ ether spectrum ” is included covering the range of frequencies from 
10 to 1020 per second with the positions of various known waves marked оп the scale. A 
brief reference 15 also made to some of Sir J. J. Thompson's recently expressed views оп the 
relation between zther and matter and on the mechanism of radiation. 


* See review in Rapio Review, 1, pp. 252—253, February, 1920. 
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1149. WirELESS TELEGRAPHY. (Nature, 105, p. 17, March 4th, 1920.) 
A brief note re wartime advances. 


1150. Нісн Frequency ErrcrRic SicmALLING. L. М. Brillouin. (British 
Patent 138610, January 31st, 1920. Convention date, January 31st, 
1919. Patent not yet accepted but open to inspection.) 


Arrangements are described for signalling along wires using high frequency oscillations, with 
the oscillation source placed approximately at the centre of the line wires. 


1151. AsTRONOMICAL ARRANGEMENTS BY WIRELESS TELEGRAPHY. Kobold. 
(Nature, 105, p. 403, May 27th, 1920.) 


Arrangements are referred to for the distribution of astronomical information from the 
Nauen Station. 


1152. Tue Lire Амр Work or Lorn Ketvin. Е. Picard. (Revue Scientifique, 
58, pp. 193—207, April roth, 1920.) 
A long summary of Lord Kelvin’s scientific work and some of the theories proposed by him 
dealing with the ether, etc. 


1153. А Drrecr Current Тклмвміттев. L. M. Cockaday. (Electrical 
Experimenter, 7, p. 1282, April, 1920.) 


Describes a transmitter using a rotary gap and a synchronous contact maker for producing 
the oscillations.* 


1154. INTERPLANETARY WIRELESS. Р. R. Coursey. (Wireless World, 8, 
рр. 1—7, April 3rd, 1920. Technical Review, 6, p. 467, May 25th, 
1920—Abstract. L Elettrotecnica, 7, p. 209, April 25th, 1920— 
Abstract.) 


A critical discussion of the so-called messages from Mars, etc., and of the possibilities of 
wireless signalling between planets. 


1155. RESEARCH FOR THE WIRELESS AMATEUR. МУ. Т. Ditcham. (Wireless 
World, 8, pp. 113—116, May 15th, 1920.) 
The author passes in review some of the lines upon which radio research may usefully be 


carried out. These include especially improvements in valves, C.W. receivers, X-stoppers, 
radiotelephone apparatus and auxiliary instruments generally. 


1156. Macnetic Storms. L. Pyle. (Electrical Experimenter, 7, pp. 876 and 
920 and 922—924, January, 1920.) 


The effect of sun spots and meteorological conditions upon the magnetic state of the earth 
is discussed and a number of magnetograph records are given. 


1157. THE Romance or Invention. XIII. GeneraL С. О. SQUIER. 
C. H. Claudy. (Scientific American, 122, p. 620, June 25th, 1920.) 


A brief resumé is given of General Squier's work on wired wireless and of his development 
of Signal Corps radio work. 


1158. Ам ANEMOMETER EMPLOYING Епествтс Озсиладтонв. Е. Rothe. 
(Comptes Rendus, 170, pp. 1197—1198, May 17th, 1920.) 

The application of a small radio transmitter to an anemometer mounted in a small captive 

balloon or kite is described, so that its indications may be electrically transmitted to the ground 

using only a single conductor which serves as the mooring wire for the balloon. The indications 


are received on ordinary radio-receiving apparatus located on the ground, and connected or 
coupled to the mooring wire. 


* See also Rapro Review Abstract No, 111, January, 1920, for a further reference to 
this arrangement, 
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1159. MULTIPLEX TELEGRAPHY AND TELEPHONY BY HicH FREQUENCY 
CurreNnTS ON Wires. (Telefunken Zeitung, 4, No. 20, рр. 5—7, 

May, 1920.) Also Hicu-Frequency TELEPHONE Ехснаксв. P. 
Schwarzhaupt. (Telefunken Zeitung, 4, No. 20, pp. 7—11, May, 1920.) 

In Germany high frequency telephony over wires has been in use for some months over an 


experimental line. The methods are those of wireless telephony, both for transmission and 
reception. 


1160. THE TELEPHONIC AND RaADIOTELEGRAPHIC ADMINISTRATION ІМ 
Germany. (Annales des Postes, Télégraphes et Téléphones, 9, pp. 
31—36, March, 1920. Technical Review, 6, p. 506, June 8th, 1920— 
Abstract.) 


A report of the Mission du Service d’Etudes et de Récherches Techniques issued February, 
1920, and discussing the condition of the telephone system, etc., in Germany. Reference is 
made to the use of wired-wireless methods of communication between Berlin and Hanover 
and between Berlin and Frankfort. It is stated that the speech is better over the high fre- 
quency circuit than over the ordi y apparatus. As regards radiotelegraphy low power 
valve sets are being developed a the tendency is to replace all spark stations by C.W. 
apparatus. - 


1161. WinELEss TRANSMISSION OF Power. Т. W. Benson. (Electrical 
Experimenter, 7, pp. 1118—1119, March, 1920.) 
A suggestion for the transmission of high-frequency energy from place to place utilising the 


upper ionised layers of the atmosphere and ionised searchlight beams to make connection to 
them. * 


1162. New TECHNICAL DEPARTMENT OF THE GERMAN TELEGRAPH ADMINIS- 
TRATION. (Elektrotechnische Zeitschrift, 41, p. 677, August 26th, 
1920.) 

On account of the continual growth of the wireless system and of the use of high frequency 
telegraphy and telephony along wires in the Imperial Telegraph Department, special courses 
of instruction have been instituted for those higher and middle grade employees who are 
considered suitable for this new branch. In future all new entries to these grades will be 
instructed in wireless telegraphy in the same way as they are at present instructed in the other 
branches of telegraphy and telephony. 


1163. WIRELESS SArgTY Device ror Movine Trains. (Elektrotechnische 
Zeitschrift, 41, p. §73, July 22nd, 1920.) 

A wireless device has been devised and tested by the Telefunken Co. for drawing the 
attention of the engine driver to any signal set at danger. The locomotive carries a valve 
transmitter, the oscillations of which prevent the operation of a lamp and buzzer. If the 
signal is set against the train, a loop on the permanent way is closed ; this abstracts so much 
energy from the oscillatory circuit that the lamp and buzzer are set in operation. Very few 
details are given in this note. 


1164. Мевснант Suippinc WireLess TELEGRAPHY Rutes. (Electrician, 
85, p. 819, August 13th, 1920. Electrical Review, 87, p. 178, August 
6th, 1920.) 

Extracts are given from the new rules issued by the Board of Trade f and to come into force 
on September 3rd, relating to the installation of wireless apparatus on merchant vessels and 
of the auxiliary apparatus required in conjunction with it. Clauses are also included relative 
to the use of automatic apparatus for indicating incoming distress calls. 


* See Rapio Review Abstracts Nos. 7or and 702, August, 1920. 
t Statutory Rules and Orders, No. 976, 1920 (London: H.M. Stationery Office, pp. 5. 
Price 3d. net). 
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1165. Етегкі. Tower Wiretess Time Sicnats. R. A. Samson. (Nature, 
105, p. 268, April 29th, 1920.) 

Particulars are given of the revised programme for the transmission of “ scientific ” time 
signals from the Eiffel Tower. Additional sets of signals are now being sent at 10.30 a.m. 
(G.M.T.) and 11 p.m. (G.M.T.). These additional signals are sent with a musical note. The 
reference numbers referring to them are designated ML and are sent after the 11.45 signals 
21 ша the reference numbers for the 11.30 series, the latter being designated by the 
etters . 


1166. THe METEOROLOGICAL BULLETIN or THE British Arr Ministry. 
| (La T.S.F. Moderne, I, рр. 47—50, May, 1920.) 

Particulars are given of the times of transmission, the wavelength and the codes used for 
these messages. Brief reference is also made to the two undamped wave transmitters installed 
the rad Ministry Station in London, one of which has a range of 100 km and the other one of 

400 km. 

) 


1167. Tur Еғғгі Tower Time Sicnaus. (Wireless World, 8, p. 138, 
Мау 15th, 1920.) 


Two charts are given of the time signals sent on the old and new systems. 


1168. Етегкі. Tower WEATHER Reports. (Wireless World, 8, pp. 175—176, 
May 29th, 1920.) 
Particulars are given of the codes used for the meteorological reports transmitted from the 
Eiffel Tower three times daily. 


1169. Time SiGNALLING Stations. (Wireless World, 8, pp. 273—274, 
July roth, 1920.) 
A list of stations transmitting time signals in the various countries of the world, giving call 
letters, wavelengths, and times of transmission. 


1170. WEATHER BurLETINs. (Admiralty Notice to Mariners, No. 703, 1920. 
Wireless World, 8, pp. 278—279, July то, 1920.) 


A list is given of stations in the various countries of the world transmitting meteorological 
messages. The call letters, wavelengths, and times of transmission are given. 


1171. METEOROLOGICAL SIGNALS OF THE Е1ЕЕЕГ Tower. (La T.S.F. 
Moderne, 1, pp. 18—24, April, 1920.) 0/2 l 
The signalling code used for the meteorological information sent out daily from the Eiffel 
Tower is set out in detail. 


1172. WEATHER CHARTS ву WirRELESS. (Flight, 12, pp. 970 and 977, September goth, 1920.) 
Particulars are given of the revised scheme of meteorological reports issued by radiotele- 

graphy from the Air Ministry and from Aberdeen wireless stations. A list is given of the 

places from which reports are obtained and the code used for the signalling is also indicated. 


1173. А METHOD or Ampiiryinc ELECTRICAL Variations oF Low FRE- 
quency. W. H. Eccles and Е. W. Jordan. (Electrician, 85, p. 176, 
August 13th, 1920.) 

In order to extend the range of frequencies over which a given triode amplifier may be 
operated, the authors propose to amplify low frequency alternating currents (such for example 
as speech currents) by impressing them upon a high frequency carrier oscillation, which may 
be subsequently amplified by means of any ordinary form of radio frequency amplifier. 
One proposed arrangement of circuit is indicated in Fig. 9, which shows a three-electrode 
valve V, with the low frequency currents to be amplified impressed upon its anode circuit at 
Ti. The valve is arranged to generate the carrier frequency oscillations by means of the tuned 
circuit L C, and the reaction M on to the grid circuit. The modulated radio frequency currents 
may be taken off from the terminals A; and As and thence led to the terminals of the amplifier 
arranged for high frequency amplification. Several other arrangements are possible by 
using the valve shown merely as a modulating valve, and impressing upon it both the high 
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and the low frequency currents. The chief advantage of the method lies in the possibilities 
of increasing the amplification by means of resonance while avoiding distortion of the low 
frequency currents. It is claimed also that valve noises are reduced as compared with an 


ordinary low frequency amplifying arrangement. 


Fic. 9. 


1174. Моіті-5ТАСЕ Vatve Ampuiriers. М. I. Pupin. (British Patent 
139494, February 25th, 1920. Convention date, February 4th, 1918. 


Patent not yet accepted but open to inspection.) 

The essential feature of the arrangement described in this specification is the use of a 
filtering circuit between successive groups of amplifying valves. Referring to Fig. то, У, Va Vs 
and V, are four amplifying valves coupled together with the usual arrangement of resistance 
capacity couplings В, С, Re Ca, Rg Cj, Ry Cy. Of these the first three valves are preferably 
of high internal resistance while V, is of low internal resistance. The resistance R, should be 
of less value than R, R, Rg and be approximately equal to the internal resistance of У,. The 
filtering circuit proper consists of condensers С, Cg C; Cg and leak resistances R; Rg В; Rg 
which are all joined to earth at E,. The point G should be joined to the input grid of a second 


Ca Cs Ca Cy Os 


Fic. 10. 
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group of valve amplifiers of exactly similar nature to V, У, У, У, Any number of groups of 
valves may be connected together by such an arrangement. If low resistance valves are used 
throughout, the condensers C, C; C; C; C; may with advantage be replaced by resistances, and 
resistances В, Rg В; Rg replaced by inductances. The actual filtering circuit is such as to 
destroy the reaction between the groups of amplifiers as regards internal and external dis- 
turbances but yet to allow the passage of the desired wave signals. 


1175. THERMIONIC VALVE AmpLiFIERS. G. Е. Partridge and В. S. Smith. 
(British Patent 137876, November 13th, 1918. Patent accepted 
January 29th, 1920.) 

To a usual arrangement of resistance capacity coupled multi-stage valve amplifiers a special 
addition is made to prevent howling when more than three valves are employed. This modifica- 
tion is introduced in the grid of the third valve if the amplifier contains more than four or five 
stages, or in the grid of the fourth valve if the amplifier has six stages. The modification 
consists of a variable condenser placed in parallel with the grid leak of the valve in question, 
the resistance of this leak being much less than in the case of the other valves. The arrange- 
ment is described as being especially of use with low frequency amplifiers. 


1176. VALVE AMPLIFIERS AND Mepicat Science. J. Scott-Taggart. 
(Electrician, 85, p. 62, July 9th, 1920.) 
The writer refers to some experiments in connection with the use of triode amplifiers in 
connection with microphonic stethoscopes for medical work. It is suggested that this 
provides a field for further research. 


1177. THE USE or AmptirFiers For LOCATING FAULTS IN ARMOURED CABLES. 
С. Rosche. (L’Electricien, 51, pp. 277—278, July Ist, 1920.) 
Describes the use of three-electrode valve amplifiers used in conjunction with movable 
earth connections for locating leakage currents from cables. 


1178. THE Macnavox. (Science and Invention, 8, p. 408, August, 1920.) 

A description of the Magnavox Loud Speaking Telephone comparing it with an ordinary 
type of receiver. A sectional diagram is given of the construction of the apparatus in which 
the diaphragm is actuated by a coil moving in a magnetic field and not by a direct pull from 
a fixed magnet as in an ordinary telephone receiver. 


1179. Нісн Frequency MULTIPLEX TELEPHONY AND TELEGRAPHY ALONG 
Wires (Part IL).* H. Fassbender and Е. Habann. (Fahrbuch 
Zeitschrift für drahtlose Telegraphie, 15, pp. 407—423, May, 1920. 
Science Abstracts, 238, Abstract No. 689, pp. 357—358, July 31st 
I920—Abstract.  Elektrotecbniscbe Zeitschrift, 41, p. 572, July 22nd, 
1920—Abstract.) 

A discussion of the applicability of the ordinary telephone formule for calculating the 


attenuation constant of a line to the case of very high frequencies, in view of the variation 
of the resistance, inductance, capacitance, and leakance with the frequency. 


1180. WireD WIRELESS ГЕПЕСВАРНУ. (La Nature, 48(2, рр. 93—94, 
August 7th, 1920.) 


A short resumé of some of G. O. Squier’s work on Wired Wireless. 


1181. INTERPLANT TELEPHONE COMMUNICATION ESTABLISHED OVER Нісн 
Tension Wires. (Electrical World, 76, p. 141, July 17th, 1920. 
Technical Review, 6, p. 788, September 28th, 1920—Abstract.) 


Refers to an installation of wired wireless telephone over the high tension power lines of 
the American Gas and Electric Company. Range of transmission about 21 miles. 


* See Каро Review Abstract No. 322, April, for Part I. 
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2. Books. 


ÉLÉMENTS DE TE&LEGRAPHIE SANS Fit Рваттоув. Ву Е. Duroquier. 
(Paris: H. Dunod. Second edition, 1920. Pp. 130. Price, 6 fr. 75.) 

This is a small handbook for the French amateur radiotelegraphist. It 
is divided into three parts, the first treating of elementary principles, the 
second the construction and installation of apparatus, and the third, entitled 
* Applications of Wireless Telegraphy," gives information about time 
and meteorological radio services, the Morse code and similar subjects. 

In the first part, the principle of action of various instruments is described, 
such as the induction coil, coherer, electrolytic, crystal, and other detectors, 
together with the simpler circuits for transmission and reception. Included 
among the latter are several diagrams with the detector inserted in series 
with the aerial, which might just as well be omitted since they are far inferior 
to the more usual circuits, and are likely to give erroneous impressions as to 
sensitivity of detectors, etc., to the amateur who is taking up the subject 
for the first time. The advantage of coupled circuits is pointed out and 
there is a short description of a three-valve note magnifier. 

The description, whilst very elementary, is, in general, correct. The 
author, however, wrongly attributes the invention of the aerial to Sir Oliver 
Lodge. 

In the second part, the dimensions and other details of construction of 
various instruments are described, such as an induction coil, aerial, con- 
densers and inductances. The instruments manufactured by the author 
are described, but are not put forward too prominently. 

The principal circuits for transmitting and receiving are given, with the 
reasons why some are superior to others. 

The use of frame and coil aerials, and of wires on the ground, telephone 
wires and lighting cables as substitutes, 1s described. 

The author gives particulars of distances over which he has himself 
worked the sets described, and includes hints for the care and maintenance 
of the apparatus. The reception of continuous waves by the tikker and 
heterodyne methods, and the construction of a three-valve resistance 
amplifier, are described. 

The third part is devoted to the Morse alphabet, service abbreviations, 
call signs of certain well-known stations. By a strange mistake (perhaps a 
printer’s error) the 5.0.5. distress signal is placed in a list of abbreviations 
used “ by the British Post Office and the Marconi Company." 

A description is given of the time and weather reports and the regulations 
of the French public radiotelegraphic service. 

The diagrams are clearly drawn, the work is well written, and is suitable 
for an amateur who is beginning the study of wireless telegraphy and has 
not advanced to the stage of wanting to know “ the reason why” of the 


various phenomena he encounters. 
W. H. Хоттасе. 


зи 
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INTRODUCTION A LA THÉORIE DES CouRANTS TELEPHONIQUES ЕТ DE LA 
RapDIOTELEGRAPHIE. By J. B. Pomey, with a Preface by A. Blondel. 
(Paris: Gauthier-Villars et Cie. 1920. Pp. xiv + 510. Price 
50 frs.) 


M. Pomey is the chief telegraph engineer in the French Government service and this book 


is based on a course of lectures given by him to the students of the Senior Telegraph 
School. 


Its primary object is therefore to present to such students the mathematical side of their 
work in order to give them an insight into the principles involved, though in many cases it is 
carried further than this and incorporates ideas developed by the author as a result of his 
own personal researches. 

Only the latter half of the book deals with radiotelegraphy, the earlier part consisting 
entirely of the study of principles and their application to the standard problems of ordinary 
long distance telephony. The book commences with an introductory mathematical chapter 
dealing chiefly with the vector calculus necessary for the treatment of the theory which follows. 
The tendency of all modern mathematical physics is towards the employment of this calculus, 
which without doubt represents a great advance both in brevity and clearness on the old 
analytical methods. Unfortunately, however, but few physicists and still fewer engineers can 
use its method with facility ; it is a subject which even in its more elementary forms has been 
neglected both in literature and teaching. 


In this country at any rate there are very few except pure mathematicians and physicists 
who have a working acquaintance with three dimensional analysis on which of course such a 
calculus must be founded. Its chief use in this book is to prove the fundamental theorems 
in the three following chapters; as the problems discussed in the later ones do not in general 
possess more than two degrees of freedom, so that any one whose mathematical knowledge 
is not up to vector calculus may yet obtain a great deal of information from the later, and 
more practical part, of the book. 

Chapters II., III. and IV. are devoted to a discussion of the fundamental theorems of 
electromagnetism, and though they are probably beyond the depth of the average student 
they contain some of the most interesting work in the book, due to the researches of the author, 
and to his predecessor M. Vaschy. Broadly speaking one of the leading ideas of the system 
is to take as the fundamental datum the idea of force, and to deduce from it the ordinary ideas 
of charges, etc. by a mathematical operation. For instance the charge 0 on a body is defined 
as the integral of a vector over a surface. 

Theoretically no doubt this is perfectly sound ; in any science resting on a strictly logical 
basis it is permissible to define the fundamental principle at the most convenient point of the 
chain and the sequence is bound to be complete. In this way mathematical simplification can 
often be obtained ; but it is a method which offers great difficulties to students and to many 
engineers. For such people the most convincing point at which to start is with an idea which 
appears in direct presentation or can be reached by simple analogy. It may be argued that 
in truth the fundamental physical presentation is that of force, but to see this requires a power 
of abstraction which is often not present ; and tends to the less trained mind to give an idea 
of complexity which is not really justified. Once however, the fundamentals have been 
defined in this manner, they are used in subsequent investigations in a way in which they are 
intelligible to those who are familiar with the more usual definition. Chapter III. deals with 
the laws of Ohm and Laplace, and the law of induction ; special attention being paid to the 
last in view of the methods of definition employed in the book. The theories of Maxwell 
and Lorenz are then dealt with. Here not so much attention is paid to the purely mathe- 
matical side ; the object is rather to bring the older theories, such as the two-fluid theory 
"m Maxwell’s displacement current into line with the more modern theories of the electric 

eld. 

It is well known that modern research has profoundly modified many of the physical 
theories on which the earlier mathematicians based their investigations, consequently the 
validity and interpretation of their results is bound up with the question of how far their 
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physical ideas can still be considered to hold, and what new interpretation must be placed 
on them. 

The question of the energy of the electric field is discussed and the fact that it is possible to 
show from the law of induction an analogy with the mechanical principle of conservation of 
energy ; and it is suggested that, as in mechanics, this should be taken as the fundamental 
datum. 


With Chapter V. commences the more practical part of the book. A few pages are given 
to the consideration of simple harmonic functions both by the use of i imaginaries and by the 
vector calculus. Preference is given to the latter owing to an ambiguity of sign which occurs 
when the former is applied to the more complex problems. 

Damped oscillations are treated by means of a rotating vector tracing out a spiral, and 
oscillating circuits in general are treated by analogy with the corresponding mechanical 
problems such as the moving coil galvanometer, special attention being paid to the case in 
which an oscillating circuit receives periodic impulses. 

The equation for the logarithmic decrement is derived in the ordinary way, and then by 
means of a series of curves derived from it the effect on it is shown graphically for variations 
of 1, С and E respectively the other two being kept constant. Such curves would perhaps 
be more useful, for wireless purposes, at any rate, if the wavelength (and hence the period} 
had been the constant quantity. A short chapter is devoted to networks, and then a general 
investigation of the power, both actual and wattless, in such networks 1 1s undertaken by means 
of the vector calculus. The results are interesting ‘theoretically but in the general form are 
rather elaborate and heavy for practical application. 


Chapters XI. and XII. are devoted to a very full development of the work of Pupin on 
which of course the loading of modern telephone lines is based, and to its application ; showing 
how all the necessary determinations can be made in any particular case, 


Chapter XIV. treats in full what is often known as the telegraph equation; the law of” 
propagation of a current along a finite cable under various different terminal conditions, 
which is solved mathematically. It is then shown that the same results can be obtained in 
another way, by representing the line as a series of circuits forming a network, and by then 
indefinitely increasing this number. In this way a great deal of calculus can be avoided. 

The consideration of radiotelegraphy proper does not commence until Chapter XV. which 
is devoted to the question of the mechanical problem of the aerial wire and involves the 
ordinary catenary equations; the latter part dealing with the strength of the supporting 
masts. 


The electrical constants of the aerial are treated by direct analogy with the vibrating string 
the equations of which are derived by means of Lagrange’s equations and which are ther 
converted directly to the electrical problem by changing the names of the quantities involved. 
Attention is drawn to the point, so often neglected that the loading of an aerial by an induc- 
tance at one end really causes a discontinuity in the constants so that reflections occur and 
the oscillation is no longer pure and simple. 


After a discussion on the resonance of the primary circuit of a transmitter the theory of the 
spark discharge, the high frequency alternator and the Duddell arc is considered ; but the 
thermionic valve is not dealt with. 


The final chapters are devoted to the solution of the problems dealing with the theory and 
measurement of capacity and self-induction. The book is an excellent attempt to solve the 
almost impossible problem of presenting to the practical man the fundamental theory of his 
subject, but the crucial point. arises as usual over the mathematics. For instance Lagrange's 
equations are a terra incognita to the majority of such people, and anybody who was not 
thoroughly familiar with the calculus would find himself baffled very quickly, though 
no doubt when given as lectures many points were enlarged upon in a manner which it is 
not possible to reproduce in print and in this way many such difficulties were bridged. 


In the general arrangement of the book a most excellent plan which ought to be widely 
copied is the giving at the commencement of each chapter a short summary of the problems 
which will be discussed in it in detail. 


J. Ношлнстовтн. 
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Мовктнс Diacrams or VALVE AMPLIFYING REcEivER Circuits. Н. W. 
Sullivan. (London: H.W. Sullivan. 1920. Рр. 24. Price 15.) 

The working diagrams inserted in this booklet have been selected for their simplicity, 

and easy application to practical working. They are intended chiefly for use in conjunc- 

tion with the catalogue of wireless instruments issued by the same firm, and with this 

in view, the parts of the diagrams have been numbered to correspond with the numbering 

adopted in the catalozue. The diagrams seem to be well chosen, and should be useful 


both for amateurs and experimenters, and in college and similar laboratories. 
P. R. C. 


Books Received. 


ErEcrRON TusEs—Langmuir's Record in Arnold v. Langmuir. (Interference No. 40,380 
in the U.S. Patent Office. 1920. Pp. 969.) 
.' This highly interesting volume contains a very detailed account of the action of thermionic 
devices as given in evidence by Langmuir and his assistants at the General Electric Company 
at Schenectady. 


ErgMENTS oF Влого Тегксварнұ. Ву Е. W. Stone, M.Inst.R.E. (New York: D. Van 
Nostrand Co. London: Crosby Lockwood & Son. 1920. Pp. vii + 267. Price 16s. 6d. net.) 


VOCABULAIRE EN CINO Langues. Ву Н. Viard. (Paris: Gauthier Villars et Cie. 1920. 
Pp. x+ 108. Price 7 fr. бо.) 


—— MM MÀ M —MNÀ а. 


Correspondence. 


TRIODE VALVE DESIGN. 
To the Editor of tbe Каро Review. 


Srr,—In the review of a paper “ The Development of Thermionic Valves 
for Naval Uses," by В. S. Gossling, in the August Rapio Review, the 
formula 
aNd’ log (d/d’) 

log (1/т.Ха;) 
is given for the amplification factor of a cylindrical valve. If this result is 
differentiated with respect to d’ and dm/ad’ equated to zero, the result 
obtained is log d/d’ = 1, or d/d’ = e = 2°72. 

Therefore if d, dy and N are fixed m has a stationary value and is a maxi- 
mum when d/d' = 2°72. 

Hence, in designing valves there is some advantage in making d/d’ = 2°72, 
for with such a value variations.of m due to slight errors in d/d’ caused by 
inaccurate centring of the filament and errors in d and d’ themselves, will be 
minimised. It is interesting to note that many types of receiving valves 
fulfil this condition very closely. 


А. C. BARTLETT. 


Research Laboratories of the General Electric Co., Ltd., 
London, 
October sth, 1920. 
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Phenomena in Oxide-coated Filament 
Electron Tubes." 
By H. D. ARNOLD. 


The most generally interesting phenomena in electron tubes are those 
relating to the flow of electrons through the space, the control of the flow 
by plate and grid voltages, and the operation of the tubes in the various 
circuits in which they are used. These phenomena are essentially the same 
whether the filament is pure metal or is oxide-coated and a considerable 
literature has already grown up in this field. The phenomena distinctive of 
oxide-coated filament tubes are those relating to the economic and scientific 
factors involved in the process of electron emission and the influence of these 
factors on the design of the tube. Wehnelt oxide filaments offer the most 
economical source of electrons at present available in three-electrode vacuum 
tubes, and thus from a commercial point of view they are at present of the 
greatest interest and importance. 

The early work of Richardson, H. A. Wilson and others established beyond 
reasonable doubt that for pure metals the emission of electrons is due to 
thermal action and not to chemical action in the ordinary sense of the 
word. In view of this physicists have believed for the past ten years or 
more that there was no place for a chemical theory of emission as far as pure 
metals are concerned. 

With respect to Wehnelt oxides, however, there was somewhat less cer- 
tainty as to whether chemical action might not be necessary for electron 
emission, The fact that coating metals with chemical compounds increased 
their electron emission many times seemed to invite the hypothesis that this 
increase resulted from chemical action. 

Data similar to those which established the purely thermal nature of 
electronic emission from metals were accumulated more slowly in the case 
of Wehnelt oxides, largely because of the experimental difficulties which 
were encountered. As regards the velocity distribution among the emitted 
electrons, this has still to be satisfactorily determined for the oxides, but 
nevertheless the evidence as it has been verified step by step has in every 
case supported the opinion of the physicists who believed that emission 
from oxides as well as metals was in all probability a purely thermal affair. 


* Abstracted from the Physical Review—see Abstract No. 1226 in this issue. 
3N 
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With the introduction of oxide filaments for commercial vacuum tubes 
it became necessary to produce filaments in quantities and with a very high 
degree of uniformity. Considerations of mechanical strength, electrical 
resistance, non-oxidizability, availability and reproducibility of com- 
mercial supply, etc., led to the choice of a wire of platinum-iridium alloy 
containing about six per cent. iridium for the core of the filament. This 
wire was rolled to a ribbon to increase the surface and the ribbon was twisted 
to secure a better mechanical structure. "This core could be produced in 
quantity with electrical and mechanical properties sufficiently uniform for 
the required purposes. 

In the choice of coating materials the oxides of barium, strontium and 
calcium were available, their thermionic activities being in the order given. 
Coatings of barium oxide however showed a mechanical disintegration which 
outweighed their superior activity. Efforts to secure a longer life resulted 
in the use of a mixture of barium and strontium oxides applied in a number 
of consecutive coatings. 

In the process which was most commonly used, barium in the form of 
carbonate, and strontium in the form of hydroxide or carbonate, were mixed 
with some carrier such as resin or paraffin, which would burn away when 
heated in the air. In the coating process four applications of the strontium 
mixture were followed by four of the barium mixture, and this process was 
then repeated making a total of sixteen separate applications. After each 
application the wire was raised momentarily to a temperature of about 
1000”, which burned away most of the organic carrier. When the coating 
was complete the wire was heated to about 1200? for two hours. At the 
end of this time there remained a fairly heavy coat of barium and strontium 
(from 2 to 3 milligrams per square centimetre of surface) while next to 
the core was a firmly adhering layer built up by chemical reactions between 
the coating and the core. Analysis showed this coating to consist of barium 
and strontium combined with platinum, rhodium and iridium, the compound 
present in largest amount being barium-platinate (BaPtO,). The compound 
with rhodium seems to be more readily formed, but due to the small per- 
centage of rhodium present this compound makes up only a small fraction 
of the total. The filament thus formed can be handled without undue 
precaution so long as it is not exposed to moisture or carbon dioxide. When 
stored in vacuum containers it shows no signs of deterioration even after 
a period of several years. 

The time required for the proper evacuation of an oxide filament tube is 
determined almost entirely by the requirement that a large part of the 
occluded gases must be removed from the metal and glass parts inside the 
bulb. In any event it is desirable to carry the evacuating process considerably 
further in the case of oxide filament tubes than with tungsten filament 
tubes, since the “clean-up” effect of the filament itself is not nearly so 
. marked as is the case with tungsten. During the pumping process the 
filaments are glowed for several minutes to liberate any occluded gases. 

With the exercise of proper care as to the purity of the materials used 
and with adherence to a definite schedule of coating and heat treatment 
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flaments can be produced with every expectation of uniformity and long 
life. During the war some half million vacuum tubes were made employing 
this filament, and the filament was prepared as a part of the regular manu- 
facturing process by practically unskilled labour. 

What terminates the useful life of an oxide filament is usually the develop- 
ment of local faults or “ bright spots ” due to the evaporation of the coating. 
They are practically free from the most common ageing effect of pure metal 
filaments, namely the gradual increase of electrical resistance caused by the 
evaporation of the filament. In the case of tungsten filaments used on 
constant voltage supply, evaporation with the resulting increase in resistance 
causes a lowering in the filament temperature and therefore a decrease of 
the electron emission, while with a constant current supply the increase in 
resistance results in an increase of temperature and a progressive increase in 
rate of disintegration of the filament. With oxide-coated filaments it is the 
coating alone that evaporates at least until a bright spot is formed and the 
temperature and operating characteristics remain unchanged throughout 
life on either constant current or constant voltage supply. 

The cost of electrons in a vacuum tube device is determined by the 
characteristics of the filament, by the cost of the power used in heating the 
filament, and by the life and the replacement cost of the tube. The physical 
factors necessary for computing the cost are the constants in Richardson's 
equation, the constants of the evaporation equation, and the radiation 
constant peculiar to the filament. In order to relate the life of the tube to 
the vaporization constants it is necessary in addition to know to what 
extent vaporization may proceed on the average, before the useful life is 
terminated, and this can, of course, only be arrived at by exhaustive life tests. 

The preliminary values of the evaporation constants obtained by evapo- 
rating barium oxide from a tungsten boat, catching it on a platinum shield, 
and weighing the deposit show that with a fair approximation 


m = 4-6 x 108. T— e— (6 x 1057 


where m is the rate of evaporation in grams per square centimetre per 
second. 

In the determination of the constants in Richardson's equation for oxide 
filaments over 4,000 filaments have been examined in the Western Electric 
Company's laboratories. In order to simplify the investigation it has been 
found desirable to employ a specially ruled paper on which the results may 
be plotted. The co-ordinate lines are so disposed and numbered that if 
the emission from a filament satisfies Richardson's relation and the thermal 
radiation satisfies the Stefan-Boltzmann law, then the points on the chart 
co-ordinating power and emission for such a filament will fall in a straight line. 
The diagram (Fig. 1) gives some idea of the characteristics of the standard 
filaments which have been evolved, and their range of variability. Ten per 
cent. of the filaments had a greater activity than that given by the upper 
line, while 90 per cent. were above the lower line in the diagram. It may 
be noted that in the great majority of vacuum tube applications we are 
concerned only in maintaining the electron emission at a value greater 
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than a certain fixed limit. 


Vor. I. 


In a limited number of cases, however, it is 


desirable to use tubes with as nearly as possible the same voltage saturation 
value of the emission. For these special problems pure metal filaments 


offer at present the best solution. 
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Fic. 1.—Chart showing average characteristics of standard Western Electric Oxide- 
coated Filament, based on tests of 4,301 samples, April to October, 1918. 


The customary operating power of these filaments is from 8 to 9 watts 


per square centimetre. 
obtained for the thermionic characteristics of the filament : 


Richardson’s constant b, 19-4 x 103 to 23-8 x 108. 


From the test results the following values are 


Richardson’s constant а, 0-5 x 10?* to 1-5 x 10% for electrons per 


Second per square centimetre ; 


or 8 x 10* to 24 x 10* for amps. per square centimetre. 
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Dr. W. Wilson has found that when proper consideration was taken of 
the geometrical form and of the voltage drop along the filament, the space 
charge equation took the form 


ге (ууу Г ВЛ, к 
а pe 1-7 ре) 


where V,' is the potential of the negative end of the filament and V, the 
potential of the positive end. The value of e/m obtained from the experi- 
mental data by the use of this equation was found under the best conditions 
to be about 5 per cent. lower than the value obtained for electrons by other 
methods. This deviation is explicable either by the presence of a very 
small number of negative carriers of molecular size or by the emission of 
secondary électrons from the anode under the bombardment of the primary 
electrons. 'The deviation is however, no greater than that obtained with 
tungsten filaments, and the concordance of the results indicates clearly 
that Wehnelt oxides may be considered to give a pure electron discharge. 

With theintroduction of various gases at pressures of the order of 0-001 
mm, or so, the electron emission currents suffer rather large changes, 
although not of the degree found with the emission from tungsten filaments 
under similar conditions. The presence of oxygen and carbon dioxide 
inhibits the electron emission while a small amount of hydrogen in contact 
with a filament of abnormally low emission may result in restoring it to a 
normal condition. 

In recent experiments it has been found of great convenience to use 
filaments which have been coated by active material evaporated from a 
standard filament. The standard filament and the wire to be coated are 
mounted close together in the same tube and the primary is run at a fairly 
high temperature for various lengths of time according to the purpose of the 
experiment. Observations are then made on the emission from the secon- 
dary filament. One advantage of this method of experimentation is that 
the core of the secondary filament may be any suitable material, for example 
tungsten or iron, without meeting the difficulties of oxidation, which are 
often troublesome when these materials are coated in the open air. 

These secondary filaments have many interesting properties which no 
doubt will prove of importance in establishing the process of electron emission 
from Wehnelt oxides. One of the most striking facts is that the secondary 
filament may show a high electron emission when only a very minute 
amount of active material has been transferred to it. In certain experi- 
ments where the secondary filament was tungsten, the standard filament 
was glowed for so short a time that only approximately one-tenth of the 
surface of the tungsten filament was covered with active material. 

It is most interesting to note that the electron current obtainable at a 
given temperature from filaments coated in this very tenuous fashion may 
be only a little smaller than that obtained when the entire filament is covered 
with a heavy deposit. 

It is natural to ask whether this result is due to a difference in the a or 
in the b of Richardson's equation as applied to these partly coated filaments. 
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Measurements of b taken at intervals while the deposit was forming have 
never shown an increase with thickness of deposit, and therefore it seems 
that the result must be due to a difference ша. If we assume that a com- 
pletely coated filament emits uniformly over its entire surface while a partly 
coated filament emits only in the vicinity of the molecule of active material, 
we compute an а for the partly coated filaments which is much greater than 
the values (0:5 x 104 to 1-5 x 10%) given above for the standard filament. 
The fact that the b obtained for filaments coated merely with a few widely 
separated molecules is the same as that obtained with a complete coating 
shows that the reduction of the work function at the metal surface can be 
brought about by a very small group of molecules. Under these conditions 
it seems reasonable to suppose that the only important effect of the molecule 
of active material is to lower the restraining voltage in its own vicinity 
and thus facilitate the passage of electrons from the metal core. The number 
of electrons that can avail themselves of such a molecular opening is limited 
to those presenting themselves with a sufficient outward velocity, and this 
in turn is determined by the properties of the core material. Since the core 
materials used have values of а greater than those which we find for the 
standard filaments it does not seem so strange that the values of a for the 
partly coated filaments should be found to run higher than those for com- 
pletely covered filament. 

We hope that our present experiments will throw more light on the factors 
involved in the escape of electrons through these minute activated areas. 
Our information is at present too meagre to warrant an opinion as to whether 
an electron on its way out remains for some time as a part of the molecule 
of active material or merely slips past it. The number of electrons passing 
but through one molecular opening in a second may be of the order of ten 
thousand and that this rate may persist for some time is indicated by the 
rather slow rate of decay of activity. This proves at least that no irre- 
versible chemical change in the active coating is involved in the emission 
of an electron. Perhaps a more striking proof of this is found in certain of 
these filaments which through a life of twenty thousand hours have emitted 
fifteen times more mass of electrons than the mass of their coating. 

Another factor of importance in connection with the use of Wehnelt 
oxides is the velocity with which they emit electrons when bombarded. 
Such secondary emission may be comparatively large when they are bom- 
barded by electrons, but there is no evidence of more than a few electrons 
being emitted for each impact of a positive ion. This negatives the idea 
that positive ion bombardment is a controlling factor in the emission from 
oxide coated filaments. 

The limit to which the improvement in the emission qualities of electron 
tube filaments may be expected to extend can only be determined when the 
factors governing electron emission from oxides are as well understood as are 
at present those governing electron emission from pure metals. It is more 
than probable that in the process of obtaining this knowledge new light will be 
thrown upon the process of emission from pure metals as well. 
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An American Duplex Radiotelephone Set." 
By M. B. SLEEPER. 


The question of two-way radiotelephony in which two speakers may carry 
on a conversation without the necessity of changing the circuit connections 
from receiving to sending, or vice versa, and which is commonly referred to 
as “ duplex radiotelephony,” is one which has interested radio engineers for 
some time past. T While many attempts have been made to obtain successful 
duplex working it has not yet by any means come into general use. This is 
no doubt due largely to the enormous ratio between the power in the trans- 
mitter and the energy received from the distant station. Hence it has been 
necessary in most commercial radiotelephone apparatus to use some form 
of switch or key for throwing over from speaking to listening, the set normally 
being in the condition for reception and being thrown over to transmission 
only during the actual speaking period, during which time the local receiving 
circuit is entirely disconnected. 

The Western Electric Company (U.S.A.) have recently designed and built 
duplex radiotelephone sets for the United States Navy which permit two 
people to converse together by radio without the necessity of throwing 
switches and with no more thought to the question of whether the other is 
transmitting or receiving than in the case of an ordinary wire telephone 
conversation. 

A number of different arrangements are possible for duplex radio signalling. 
One method is obviously to employ two separate antennz, one for trans- 
mitting and one for receiving, the two being tuned to different wavelengths 
and so disposed relative to each other that the receiving antenna is not 
appreciably affected by its own transmitting station. This is particularly 
convenient if the receiving and transmitting stations can be separated by a 
distance of a few miles and connected together by land wires. Another 
method is to employ a single aerial only for both transmitting and receiving 
with the addition of some balancing arrangement to reduce the amount of 
power from the transmitter which enters the receiving circuits. 

Where space is restricted such as on ships the first method cannot be used 
and the second offers the only satisfactory solution to the problem provided 
that the balancing of the circuits can be effected with sufficient accuracy. 
Some years ago experiments were conducted by the U.S. Navy using the 
first of these two methods at land stations, and successful communication 
was established between Washington and installations on battleships at sea. 
The arrangement of the latest sets built by the Western Electric Company 


* Abstracted from Everyday Engineering Magazine—see Abstract No. 1216 in this issuc. 

+ The application of duplex radiotelephony to aircraft was recently discussed by 
Captain P. P. Eckersley in a paper read before the Wireless Section of the Institution of 
Electrical Engineers. An abstract of this paper will be found on pp. 338—340 and 
pp- 383—385 in our issues of April and May, 1920. ' 
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for duplex working may be seen from the circuit diagrams of Figs. 1 and 2. 
Fig. 1 is a simplified diagram of connections of the transmitting unit which 
unit may also be seen on the left-hand side of Fig. 3. Two three-electrode 
tubes are employed, one of which acts as an oscillation generator and the other 
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Fic. 2.—GENERAL ARRANGEMENT OF RECEIVER AND ARTIFICIAL ANTENNA. 


as a modulator. The particular circuit used in this set is that commonly 
referred to in America as the “ Colpitts Circuit." It consists briefly of a 
tuned circuit having two capacities in series, one being in shunt to the plate 
circuit and the other to the grid circuit of the tube. In this instance the 
coil L, forms the inductance of the tuned circuit, C, is the condenser in the 
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grid circuit and the capacity of the aerial system to earth is in shunt to the 
plate circuit. The filament is connected to the common point between the 
two capacities, in this case the earth connection. Power is supplied to the 
plate circuits of the tube by the generator G. The oscillations set up by the 
oscillating valve V, are modulated by the tube V, by the method often 
referred to as “choke control" suitable choking inductances 114” 
and L4L,' being inserted in the position shown. The modulator tube V, 
is controlled by the transmitting microphone M through the coupling trans- 
former Т. The modulator tube therefore acts as a variable shunt to the 
oscillating tube, and this controls the amplitude of the oscillations that are 
radiated. The terminal T' shown in Fig. 1 corresponds to that marked 
ANT. to REC. in Fig. 3. When the instruments are in use this terminal is 
joined to the adjacent one on the right-hand unit in Fig. 3 which is marked 
ANT. to TRANS. 

A simplified circuit diagram of the receiver unit which is on the right-hand 
side of Fig. 3, is given in Fig. 2. In this circuit the inductance І, and 
condenser C, constitute the tuned circuit which by varying the condenser С, 
can be tuned to the signalling frequency. Associated inductively with this 
coil is a second tuned circuit L,C, which is connected directly to the grid 
circuit of the detecting valve V}. The plate circuit of this tube is coupled 
through transformer T, to the two-stage amplifier indicated at V4T,V4T,, 
the secondary circuit of the last transformer T, containing the telephone 
receivers T. The plate circuits of all the receiving tubes are supplied from 
the common battery B,’. The connection to the transmitting apparatus is 
made from the mid-point of the coil L4 via the terminal T" which corre- 
sponds to the terminal marked ANT. to TRANS. of the right-hand unit 
shown in Fig. 2. The right-hand unit in Fig. 3 contains the receiving appa- 
ratus in its upper part and the artificial balancing antenna in its lower part. 
This artificial antenna is joined between the point P, and earth (Fig. 2). 
The oscillatory current from the transmitter therefore divides equally through 
the coil Ls, one half flowing into the antenna and the other half through the 
artificial antenna. The points P, and P, are thus always at equal potentials 
as regards the transmitter. Oscillations received on the aerial, however, 
are not so balanced and will therefore produce an effect in the telephones. 
The artificial antenna must be made to imitate as closely as possible the actual 
antenna both in oscillation and in damping characteristics. 

A rear view of the two units is shown in Figs. 4 and 5 from which the 
general arrangements of the parts of the apparatus may be seen. 

When required for aircraft use it has been found more convenient to 
divide the receiving unit (Fig. 5) into two parts containing respectively the 
actual receiver and the artificial antenna. The latter may then be mounted 
in a less accessible position so as not to interfere with other instruments on 
the machine. 
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A Theory of the Amplitude of Free and Forced 
Triode Vibrations. 
By BALTH. van der POL, Jun., D.Se. 
(Continued from page 710, November, 1920.) 


We shall now consider a little more in detail the amplitude of the generated 


oscillations. 
Let AB (Fig. 8) be an 1—v diagram constructed for a certain positive 


value of k=g = 1 as explained in section 2 and Fig. 3. 


L 
In order to simplify the discussion we take a symmetrical characteristic, 
;.£., one for which the unimportant factor В = 0. Let further the equation 
of AB be 


t = —av+ уз 
where both a — 0 andy — 0. 
Draw COD such that tan Е = — : 
The tangent FG at AB in O gives tan = — х. 


From (20) it is seen that as long as tan С >> tan 6 or 6 > 6, i.e. as long 
as CD cuts the characteristic AB, oscillations will be possible. Now from the 


Fic. 8. 


equations for AB and CD namely 
t = —av-+ yr 


and i= — ре 


Dec., 1920. vAN DER POL: AMPLITUDE oF VIBRATIONS 755 


we find the abscissa OH of C to be 


4-1 
OH = Е 
y 


Hence the amplitude OK of the maintained oscillations 


(АД) 


2 
is obtained by multiplying the length of OH by 78 = 1-155. 


The oscillations therefore extend beyond the point C where the resistance 
curve CD cuts the characteristic, while the fundamental anode-current 
1 
В 
be constructed simply as indicated in the figure by extending KP till it cuts 
OL at L. 

A further physical investigation of the amplitude of the vibrations 
necessary for them to reach the steady state may be obtained from the 
following considerations. 


amplitude OM equals = times the fundamental P.D. amplitude OK, and can 


di db di 


a, b\ 1 1 iM ee, ea 
From (I.* 5) it follows, with Dime er 


that the oscillations must satisfy 
the equation 

arto) ato” 
where ^ В + ва is the damping coefficient which, in our case, is a function 
of the amplitude. Referring to Fig. 8 let the curve AB represent % = ¢ (v) 


and as beforelet tan Е = — Е then the function 2 | v+ p @)} may be 


Fic. 9. Fic. то. 


constructed from Fig. 8 as indicated in Fig. 9; the next step is to differen- 
пате this last function (of Fig. 9) and thus obtain Fig. 10. 


756 THE RADIO REVIEW Vor. 1. 


Now the ordinates of Fig. 10 give the damping coefficient (the coefficient 


dv 
di 


of the oscillations. As long as the amplitude is smaller than OD the damping 
coefficient is negative over the whole period, and hence the oscillations will 
tend to increase. Even when the amplitude has reached OD the damping 
coefficient over the whole period is still negative and the oscillations will go 
on still further to increase. But when a certain point beyond OD is reached, 
such as E, the amplitude will be stationary, as during a part of one complete 
oscillation the damping factor is negative while over the other part it is 
positive. That finally the case referred to above, where 


of the =- term in the differential equation) as a function of the amplitude 


х — <0 
y «0 


does not allow a stable oscillation to be set up is obvious from the fact that 
the damping factor, being again a function of the amplitude, is here of the 
form of Fig. 11. 


Fic. 11. 


For, when the amplitude OE is reached, a slight increase of the latter 
would make the damping factor negative over a greater part of the period 
with the result that the amplitude would increase indefinitely. 


7, In order to find an approximate value for the stationary amplitude of the 
fundamental of an oscillating triode, it is not necessary for the derived 
characteristic to be developable as 


4 = —av-+ pv? + у. 

For, if we take the general case, where the steady anode-current—anode 
voltage characteristic is given as 14 = ф( Ва) the function? = 44 — ta, = i (kv) 
becomes 
4 = ф (Ea —kv) —d (Еа). ©... . . (23) 
Now applying again the method of section 5, we have 

7 [ivdt + то = 0 
TJo ЕЁ Т)о 


which, with the assumption v = a sin wt, becomes 
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2 2m 
25 + 2 а sin t (d (Ea — ka sin t) —d (Е) dt =0 


or 
1 ($E —kay).y.d 
dq a E E И а 
28 m Map ee cec Be 


from which an approximate value of the amplitude а might be obtained, 
when the function ¢ is known. 


8. The question may be raised: What is the maximum amplitude to be 
obtained for a given triode and given circuits by varying M, the back coupling ? 
From the derived characteristic 


= — х0 + fv? + yr 


we found for the square of the amplitude 


И? 


where 


and 


2 
After differentiating (20) with respect tok = (s 5 — 1) and putting ба = 6 


we find 
da 2 dy _ 
van (eR) авто 
which leads to the condition for the back coupling М: 
2 1 

M 31 
or (ry —1) m= 55 wh see 4 242%. ae AG) 
while ааа becomes 

| 4a 
сао в еа ати (27) 


It was seen above that with a gradual increase of М from М — 0, the 
system started oscillating, though originally with very small amplitude, as 
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soon as M had reached the value M, given by 


(97° 1) he = р 


If therefore ¢.g. М is left at this value My, and we decrease the damping 
to £ of its original value, we may (from (26) ) expect the system to vibrate 
with the maximum amplitude possible. However, thereis some uncertainty 
whether the power series for the characteristic is still valid for such big 
amplitudes. Аз far as our theory goes it would follow that the maximum 
amplitude possible by varying the back coupling would be independent of the 
damping of the circuit as long, at least, as (25) can be satisfied. 


9. Moreover, the question as to the maximum amplitude obtainable, may 
be solved by starting from the general derived characteristic of (23). 


For, after differentiating (24) with respect to k and putting Е = 0, we 
find for the condition of maximum oscillations : 
+1 
dé (E — Кау) y? dy 
— M 0 uaa == 0 . . " ë А $ 28 
Е V1 —y? (28) 
1 


Hence, generally from (28) together with (24) the maximum value of a 
may be obtained, as well as the necessary value of M. 


10. It remains to be considered how the triode vibrations gradually reach 
the finite stationary amplitude discussed above. To this end we multiply 


i 
(1.2) with | vat, and again consider the derived characteristic to have the 
2^ us 90 


form : 


t = —av-+ pv? + yv 


we thus obtain 
аж (t (5 ) dv | 1 | 
ста | + пе) е ро pie 


d(v?) 409) a 
+ BSE fod у fod = 0 . . 29) 


Again, assuming v to be of the approximate form 


0 = Q cos wt 


where now а is a gradually varying function of 2 (as a first approximation w 
is kept independent of 1) we substitute this expression for v in (29). The 
equation thus obtained consists of two kinds of terms, one varying slowly 
and the other rapidly with # Retaining only the terms which vary slowly, 
or what amounts to the same thing, taking the mean over one period of 
the terms of equation (29), we obtain the approximate equation 
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1 „Фа 1 a? 1 да) З | 
(ра) ana ар + вий но + 60 
Now (30) may be written approximately 


1 3 4 d(a?) | 
(в –а)а? + ivo qoe ag =? 
the solution of which is 


759 


1 
Р NE "—ÁM— 
— 8 : Ф — YR 
4? 1 — const. е-|--а-- ): 


Ф, — A 


. . (31) 


Ihe final value н is therefore reached asymptotically, though not 
according to a simple exponential law. 


Il—Tue BEHAVIOUR OF A TRIODE SYSTEM UNDER AN IMPRESSED 
~ Srinuso1ipAL Е.М.Е. 


11. Let (Fig. 12) an E.M.F. B sin pt be impressed upon the L branch of an 


oscillatory circuit connected to a thermionic tube in the usual way. It is 


easy to show that instead of (I. *") in this case we have to solve the equations 
di аә 140 1 В. 
qr Қылығы 
БАЛЫ (Ко) 
If here again the derived characteristic is taken to be 


t=— au + Bv? + уч? 


(IL) 
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(LII.) is reduced to 
dv 1 dv 1 d(v?) d(u®)  ,,. 
Сз + (б-а) ро 8382 4. , 09 = B sin pt. . (IV.) 
where B’ = Е 


A simple way of obtaining an approximate solution of (IV.), sufficiently 
accurate to explain some properties of the system not explained by the linear 
theory, is to assume v to be of the form v = b sin (pt + Ф). 

We therefore only consider the case where the reaction is not sufficient to 
make the triode system oscillate spontaneously, 

First multiply (IV.) by sin pt and integrate over the fundamental period, 
secondly multiply (IV.) by cos pt and integrate over the same period. We 
thus arrive at the two equations 


-oas (с) ранен 
(emere) ннен 


Eliminating ¢ results in 
В? 1 e 3 
жа” (гр 0») (5-а--5уи) 20... (82) 
which gives the amplitude b of the forced vibration in terms of the constants 
of the circuit and the triode and of the impressed E.M.F. 
Some special cases present themselves. 
1. If the impressed angular frequency p is appreciably different from the 


: 1 
natural frequency а) = VLG’ and if the impressed amplitude 15 small, 50 


that the second term in the right-hand member of (32) may be neglected 
in comparison with the first, the simple well-known result emerges 


where the induced amplitude is simply proportional to the impressed E.M.F. 
2. If the impressed E.M.F. B' is small the back coupling being adjusted 


such that the system is not yet oscillating (а << 2), 5 yb? may be 

neglected in comparison with в-« 

LE d Н 

EE) 
Lp Cp) + (ве 


CT : 1 
and the circuit behaves as if the conductance B parallel to the capacity were 


Then the result is 
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reduced to a a. If, over and above this condition, the impressed E.M.F. 


R 
is in resonance with the triode circuit, we have 
В 1 
р = —. 
p... 
В 


showing that, with а retro-action such that 
M ) dig 
0 == F 1 4 yon 0 
G du, < 
the system presents a damping greater than would occur without the triode, 
‘while for 


х > 0 
the damping is reduced, resulting іп a greater amplitude than would be 


* e е е 1 е . 
obtained without thetriode. Hencetheresistance term - is simply reduced or 


E 


; 1 
increased to = — 6. 


В 
With the retro-action adjusted such that exactly 9 — 1 = 0 the system 


has, with thetriode, thesame damping as without. This affords an easy means 
of obtaining the voltage magnification factor g under actual (high frequency) 
working conditions. The experiment therefore consists in letting (e.g. by 
means of a second oscillating triode system) an E.M.F. be induced in the 
inductance of the triode system under consideration. Next measure (e.g. 
with crystal and galvanometer) the current induced when the heating current 
is cut off. Now heat the filament and adjust the back coupling until the 
same galvanometer deflection is obtained, then 
M 
JST 
Obviously this method is independent of any calibration of the galvano- 
meter-crystal combination. 
3. If, finally, under resonance condition, the retro-action is adjusted near 
the point where the system would just commence to oscillate freely, and 
therefore 


we have 


or 
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The same formula (33) may also be applied if, in general, the induced 
E.M.F. is big enough to make the resulting induced 6 such that 


3 1 
179 >> р © 


апа 9 то 1 
thus showing clearly the well-known limiting action of a triode. For, under 
these conditions, the resulting amplitude, instead of being proportional to 
the first power of the induced E.M.F., is proportional to the third power root 
of the same quantity. Small oscillations are therefore magnified to a greater 
extent than bigger ones. 

4. In conclusion the main results of Parts I. and II. of this paper may be 
summarised as follows : 

An oscillatory circuit consisting of three parallel branches L, C and R, and 
connected in the usual way to a triode generator behaves as if the conductance 


А were reduced to 


i 3 
Вт 


where а is the alternating voltage across the plate-filament. 

For self-oscillation this conductance must be zero, thus yielding at once 
the amplitude of the vibrations in terms of the circuit and triode constants. 

If an impressed E.M.F. is applied to the system, the conductance is reduced 
to the same value, while а again represents the alternating P.D. set up 
between plate and filament. 

As long, therefore, as only ome single vibration is present in any system 
of triodes and circuits, however complicated it may be, the simple well- 
known alternating current theory may be used to find the resulting ampli- 
tudes in the different circuits, in terms of the triode constants о and y 
if only the conductance E be replaced by 5 — a+ 2 ya 


Finally, the parallel conductance E. which materially simplifies the for- 


R 


mulz, can easily be replaced by a series resistance, either in the L or C 
branch, as indicated in the paper. 


Physical Laboratory, Fuly 17th, 1920. 
Teyler’s Institute, Haarlem (Holland). 
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The Calculation of the Self and Mutual 
Inductance of Coils. 


At intervals during the past year A. Esau has published papers dealing 
with the calculation of the inductance of coils of various types, and although 
abstracts have been given these have been too brief to enable one to use 
Esau’s results without reference to the original publications. We have been 
asked therefore to give further information as to the values of the various 
coefficients appearing in the final formule, so that these may be used without 
reference to the original papers. 


I. Single layer coil on square frame.* 
L = inductance in cm; a = side of square; n = number of turns; 
g = pitch of turns; p = radius of wire. 


then L = 8 an(S,-+ 85) 
where S, = C) and S, = f(g, п) : 
Table I. gives the values of $,— f H and Table II. the values of 


8, —/ (2,4). 


Тавік І. 

a/p Si а/р | 81 
20 2-472 300 5-180 
30 9.877 - 400 5-467 
40 3-165 500 5:691 
50 3:388 600 5:873 
60 3:510 100 6:027 
70 3°724 800 6-161 
80 3°858 900 6:278 
90 3-976 1000 6-383 

100 4-081 2000 TOTT 

120 4-264. 3000 1:483 

140 4-418 4000 7-770 

160 4-551 5000 1-993 

180 4-669 10000 8-690 

200 4-774 


ie Le ee ne ea pe ee - 
+ Rapro Review Abstract No. 73, December, 1919. 
i 302 
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TABLE II. 


Values of g/a. 


0:002 | 0:004 | 0:006 | 0:008 0:01 0:02 0:03 0:01 


ДТ Wm E e] 


II. Square plane or pancake coils.* 


where S, = f B is the same as in the previous case (Table I.) and 


S, =f (2, n) . -Table III. gives the values of 83. 


ais here the side of the mean turn. 


* Каро Review Abstract No. 272, April, 1920. 
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Taste III. 


Values of g/a. 


0:002 0:004 0:01 0:02 0:04 

2 5-44 4-76 3°90 3:18 2-49 
3 10-43 9-05 7-21 5:85 4-49 
4 15-09 13-02 10-23 8-24 6-23 
5 19-50 16-76 13-10 10-38 1-71 
6 23-74 20-29 15-73 12:35 9-06 
1 27-79 25-63 18-20 14-15 10-26 
8 81-71 26-91 20-54 16-83 11-34 
9 35-51 30-02 22°75 17-39 12-31 
10 39-20 33-04 24-88 18-90 13-19 
11 42-79 35-04 26-89 20-26 13-99 
12 46-30 38-78 28-83 21-58 14-76 
13 49-72 41-51 30-68 22-19 15-46 
14 53-06 44-17 82-45 23-95 16-10 
15 56-32 46-16 34-17 25-08 16-78 
16 59-54 49-30 88:85 26-15 17-42 
17 62-69 51-67 87-48 27-11 17-89 
18 65-76 54-18 39-02 28-10 18-33 
19 68-80 56-54 40-49 29-02 19-03 
20 71-18 58:87 41-03 29:89 19-39 
21 14-12 61-12 43-32 80-70 19-95 
22 17-60 63-34 44-65 31-50 20-44 
23 89-46 65-53 46-06 92:32 20.97 
24 83-22 67-62 47-26 33°03 21-44 
20 85-96 69-71 48-51 33°13 21-91 


III. Multi-layer coils.* 
Г = Aarmn(S, + 8) 
where r = mean radius of coil. 
m — number of layers. 
n = number of turns per layer. 
p = radius of wire. 


S,=f (5) (see Table IV.), 


* See Ravio Review Abstract No. 329, May, 1920. 
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and S, — f (2 n, m) (see Tables УА, and Ув.). 


m = 8. 


2r? 


Vor. I. 


g — pitch of turns in a layer, which is assumed to be equal to the 
radial pitch of successive layers. 


Table Va. gives the values of S, for m = 2 and Table Vs. the values for 


TABLE IV. 


а |—————————————— dL——À—Ó——M——————|——M———————— || ------------------ 


0:002 


16-45 
26:54 
36-07 
45-13 
58-84 
62-24 
70-34 
78-26 
85-88 
93-35 
99-80 
107-8 
114-7 
121-6 


TABLE Va. 


0:004 


14-37 
23°08 
31-22 
38:89 
46-22 
53:26 
60-00 
66-47 
12-14 
18:84 
83-94 
90-54 
96-15 
101-6 


m = 2, 


0:01 


11-62 
18-49 
24-80 
30-64 
36:15 
41-33 
46-25 
50-90 
55-36 
59-64 
63-93 
67-72 
11:52 
15-21 


Values of g/2r. 


8, 


6:884 
1:018 
1:135 
1:240 
1:934. 
8-850 
9-543 


0:02 


9-55 
15-04 
20-00 
24-48 
28-61 
32°36 
36-04 
39-34 
42-49 
45-44 
47-42 
50-93 
53-45 


55-88 
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Тавів VB. m = 3. 


Values of g/2r. 


0:002 0:004 0:01 0:02 
2 26-54. 23-09 18-49 15-05 
9 41:36 35-84 28-48 22-98 
4 55-44. 47.85 37°75 30-17 
5 68-89 59-23 46-40 36-14 
6 81-80 70-07 54-48 42-85 
7 94-30 80-50 62-17 48-50 
8 106-4 90-56 69-49 53-84 
9 118-2 100-2 76-42 58-78 
10 129-6 109-6 83-05 63-43 
1 140:8 118:7 89°46 67°89 
12 150-6 126-4 94-46 70-96 
13 162-3 136-1 101-4 14-96 
14 172-7 144-5 107-1 79-60 
15 182-9 152-6 1125 83.20 
Тавік VI. 


Values of g/2r. 
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If the winding space is square m = n and 
| L = 4rrn2(S, + Sg 
where n = turns per layer = number of layers 
n? = total number of turns 


and S,=f (2, па) —see Table VI. - 


IV. Attention should also be drawn to Abstract No. 1192 on p. 773 of this 
issue, where formule and tables are given for the self and mutual inductances 


of single square turns. 
G. W. O. H. 


Mica Condensers for Radio Work. 
By PHILIP В. COURSEY, B.Sc. 


The use of mica as a dielectric for condensers for high voltage work has 
increased greatly in the past few years. In particular the commercial 
development of these types of condensers has been carried on by the Dubilier 
Condenser Company, Inc., of New York, by the Wireless Speciality Apparatus 
Company also of New York, and by the Dubilier Condenser Company of 
London. Condensers manufactured by these firms have been used exten- 
sively during the war for radio work by many of the Allied Governments as 
well as by commercial wireless companies. 

In a recent infringement suit brought by the Dubilier Condenser Company, 
Inc., against the Wireless Speciality Apparatus Company (who manufacture 
condensers under the trade name of “ Faradon ") a final decree has been 
handed down by His Honour Augustus N. Hand, U.S. District Judge for the 
Southern District of New York, on October 4th, 1920, holding :— 

“ That said Letters Patent Nos. 1,229,914 and 1,229,915 are good and 
valid in law as to the second, third, fourth, fifth, seventh, eighth, ninth, 
twelfth, fourteenth, and fifteenth claims of Letters Patent No. 1,229,914 
and as to the first, eighth, twelfth, sixteenth and seventeenth claims of 
Letters Patent No. 1,229,915. 

That the defendant Wireless Speciality Apparatus Company has infringed 
upon each and all of said claims, of said Letters Patent Nos. 1,229,914, and 
1,229,915 by manufacturing, selling and using, or causing to be manufactured, 
sold or used, condensers embodying or employing the inventions of said 
claims of said Letters Patent. 

That the fourth claim of Letters Patent No. 1,229,915 is invalid in law, 
being anticipated by the prior use of the subject-matter thereof by the 
United States Navy, and National Electrical Supply Company of Washington, 
D.C., and that the bill be dismissed as to said claim of said patent." 

The patents in question deal respectively with means for boxing up the 
complete condenser in a metallic case, and for the method of constructing 
high voltage condensers. The claims referred to in the judgment cover in 
effect the following leading features :—A condenser so constructed that one 


Fic. і.--Оствіре View or Two PATTERNS or DusILIER Mica CONDENSER, SHOWING 
METALLIC CASE WITH INCLINED SIDES AND INSULATED TERMINAL IN LID. 


(To face p. 768.) 


PER Google 


Fic. 2.—Cross SECTIONAL VIEW oF Mica CONDENSER IN CONTAINING CASE SAWN 
THROUGH CENTRALLY. 


A = Metal case with inclined sides. P = Insulating ld. C = Terminal in lid provided with enlarged 

lower surface for compressing the condenser. D = Insulating filling compound. Е = Condenscr sections 

which are connected in series to form the complete unit. Е = Mica insulating barriers. G = Soldered 
connections between condenser sections. H = Connection between lowest section and case. 


(To face p. 769.) 
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of its terminals is formed by the metallic containing case while the other is 
arranged so as to compress the condenser into the case. These terminals 
should preferably be of relatively small mass and relatively large surface to 
enable them to conduct away any heat from the interior of the condenser 
case. The second terminal may be mounted in or through an insulating lid 
or closure for the containing case, and it is then enabled to serve not only as 
an electrical connection to the condenser but also for compressing the con- 
denser and preventing its expansion or vibration when in use, as well as for 
conducting away the heat. 

In order to provide greater insulation from the case at the high potential 
end of the condenser—z.e., the end connected to the insulated terminal in 
the lid—the use of a case having inclined sides is covered by the claims that 
have been upheld. The condenser unit is disposed centrally within the 
casing with its elements parallel to the bottom, the sides of the case sloping 
outwards so as to obtain a greater spacing between the condenser sections 
and the case at the upper end of the unit. 

As regards the construction of mica condensers for high voltage circuits, 
the claims of U.S. Patent 1,229,915 which have been upheld cover a high 
tension condenser unit consisting of sections connected in series for dividing 
the potential among them, each section comprising conducting plates and 
intervening sheets of insulation constituting the dielectric, the said sheets 
having a layer of insulating adhesive between them and the conductor 
plates and being arranged to overlap the edges of the conductor plates. 
Between adjacent sections extra insulating plates are customarily inserted so 
as to have their ends projecting alternately in opposite directions beyond the 
condenser sections so that the terminals of the sections can be joined together 
in pairs between the projecting ends of the insulating plates. This last 
feature of construction is one, however, that has not been upheld in the 
infringement suit on account of prior use. The fourth claim of Patent 
1,229,915 which has been held to be invalid for this reason reads as follows :— 

* A condenser unit comprising sections, and insulating plates between the 
sections, said plates being arranged to have their end projecting alternately 
in opposite directions, whereby the terminals of the sections can be joined 
together in pairs at both ends of said plates, the projecting ends of the plates 
intervening between the sections having their terminals so connected and 
adjacent sections." 

In order to render clearer the features of this type of condenser construction 
the general appearance of two condensers built in accordance with these 
specifications is shown in Fig. 1, while in Fig. 2 is an interesting illustration 
of a condenser which has been sawn through centrally, perpendicularly to 
the condenser plates, in order to show the internal arrangements. The 
reference letters placed on this illustration indicate the parts mentioned 

bove. The insulating barriers between the condenser sections, each of 
which consists of a complete small condenser comprising interleaved sheets 
of mica and metal foil, may be seen at F, the alternately projecting ends, 
which separate the soldered connections G between condenser sections, 
being indicated at f. 
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Features for the New Volume. 
By THE EDITOR. 


With this issue we complete the first volume of the Rapiro Review. In 
order to avoid the disadvantage which one always experiences when looking 
up references to a journal in which the change of volume does not coincide 
with the change of year, it was decided not to close the first volume with the 
twelfth monthly issue in September, but to run on to the end of the year. 

The experience gained during the last fifteen months has suggested a 
number of improvements which it is intended to introduce in the new 
volume. Some of these improvements are due to suggestions made by 
readers, and we take this opportunity of thanking them for writing to 
point out ways in which they considered that the usefulness and interest 
of the Каро Review might be increased. By using a thinner paper it will 
be possible to increase the number of pages in each issue without increasing 
the bulk of the annual volume. By increasing the number of pages it will 
be possible to publish more papers of general interest as distinct from those 
which, by reason of their mathematical character or of their detailed 
investigation of specific points, appeal to a smaller circle of readers. It is 
also intended to publish translations either in full or abbreviated of those 
articles in foreign periodicals which appear to be of such importance as to 
merit fuller treatment than is possible in a brief abstract. An abstract can 
only indicate the general nature of an article, but cannot in many cases 
give sufficient detail for a person specially interested in that branch of the 
subject. If the original article is in a language with which the reader is 
familiar, he can then refer to it for further detail, and the abstract has 
fulfilled its purpose. In many cases, however, this will not be so, and we 
have therefore decided to devote considerable space to translations of 
foreign papers which are likely to interest the majority of our readers. 

A new feature will be the inclusion of personal, scientific, and commercial 
notes relating to radiotelegraphy. A section will be devoted to the wireless 
telegraphy laws of various countries so that all changes in the legislation 
affecting radio work will be noted in our columns. 

In order to increase their utility the abstracts of articles, patents, etc., 
will be classified so that it will be possible to refer without any trouble to the 
information recently published about any particular branch of the subject. 
As part of this classification references will be included to those articles 
which are dealt with more fully in other parts of the Review, so that the 
references under any given subject heading will be quite complete. 

By thus broadening the scope of the Каро Review it is hoped to make 
it of greater value to all wireless engineers and students of radiotelegraphy 
and telephony as well as to the scientist and research worker. 
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Review of Radio Literature. 
1. Articles and Patents. 


1182. ErrcrRosTATICALLY Couprep Circuits. L. Cohen. (Proceedings of 
the Institute of Radio Engineers, 8, pp. 434—437, October, 1920.) 


The theory of electrostatic coupling is discussed from the point of view of energy transfer 
and sharpness of tuning. The circuit considered is shown in Fig. г, where C; Ly and Са Ls are 
the two oscillatory circuits and Со the coupling condenser. In the case of syntony (when 
Cı I, = 6: То) there are two natural frequencies of oscillation fı and fz where 


I, = 


Co C? 
2na/ 16 (ната) 


It is shown that even for tight coupling to get the maximum energy transfer to the secondary 
circuits Со is smallin comparison with C; and Cs so that for practical purposes the assembly 
has one frequency. Тһе current in the secondary circuit Го Са is shown to be 


E 


Ем к сел. АЫ 
CiCw\ 2 CV? 
VICO a) P с) 
In a comparison with electromagnetic coupling it is shown that the secondary resonance 


currents in the two cases are of the same order of magnitude but that the electrostatic coupling 
yields superior sharpness of resonance. 


1183. THE ApjusrMENT or COUPLING IN QuENCHED SPARK SYSTEMS. 
(Elektrotechnische Zeitschrift, 41, p. 556, July 15th, 1920.) 

The German courts have decided in favour of the Telefunken Company’s Patent No. 

198562 for the use of the critical value of the coupling to give the optimum effect, and have 
forbidden E. Huth & Co. to use a system in which the coupling is so adjustable. 


Fic. 1. 


1184. THE Enercy RELATIONS IN A Ствсот WITH SELF-INDUCTION. 
P. Terpstra. (Physikalische Zeitschrift, 21, pp. 467—469, September 
Ist, 1920.) 
Shows how the energy stored in the field and that lost as heat when a steady P.D. is suddenly 
applied to an inductive circuit can be represented graphically by the volumes enclosed by 
certain curved surfaces. 


1185. А MECHANICAL Apparatus FoR DEMONSTRATING PROPERTIES OF 
Oscittatory Circuits. O. Oldenberg. (Physikalische Zettschrift, 
21, pp. 463—465, September Ist, 1920.) 

A system of coupled pendulums with electromagnetic damping, fitted with projecting 
and recording devices. The system is analogous to electric circuits with capacity coupling. 
All the various quantities can be readily varied. It was designed by Simon and is now being 
made by Leybolds of Cologne. 
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1186. ELECTRICAL OSCILLATIONS ім ANTENNAS AND InpucTion Colts. 
А. Hund. (Proceedings of tbe Institute of Radio Engineers, 8, pp. 424— 
450, October, 1920.) | 
Further discussion of the paper by J. M. Miller with the above title.* The calculation 
of the correct effective antenna constants is dealt with for any case of coil loading for a long 
horizontal antenna excited by a sinusoidal radio frequency electromotive force. If С and L 
“are the correct antenna capacity and inductance we have 


"T sin? 90 А 
СЕ URS GERE MEHR AES S 
то + sin 180 1—55 
па, — sin 180 (1-3) 
A! 
L—4 Ly 


sin? 90 А 


where А and A! denote the natural fundamental wavelengths for the unloaded and the coil- 
loaded antenna system respectively. The quantities C, and L4 represent the static antenna 
constants for which the potential as well as the current are for all points of the horizontal 
length of antenna of unchanged amplitude and same phase. Од and L} may be determined 
by any of the ordinary low frequency methods. 


1187. THe Use or Grounp Wires Ат Remote Controt STATIONS. 


E. W. Stone. (Proceedings of the Institute of Radio Engineers, 8, 
PP- 431—433, October, 1920.) 
Further discussion of the paper with the above title by A. H. Taylor and A. Crossley, 
previously published.1 
Experiments with ground and water wires (similar to those of Taylor's) were carried out 
at North Island with very successful results. Taylor accounts for the operation of the buried 
antennz by the induction of potentials within the wire by the horizontal component of the 
tilted electromagnetic wave front. This explanation however does not account for the 
action of submarine antennz in which case the most satisfactory operation is always obtained 
with a medium of good conductivity. To explain this the theory is suggested that the 
potentials are induced in the antenna wire by the magnetic field surrounding the currents pro- 
duced in the earth or water. Since these earth currents are greatest in media of high conduc- 
tivity there will be maximum induction of potentials with consequent greatest signal strength. 


1188. THe WAvELENGTH RELATION For А GENERALISED Brssrr's Ам- 
TENNA. А. Press. (Proceedings of the Institute of Radio Engineers, 

8, pp. 441—447, October, 1920.) 
A continuation of the author's discussion f of a vertical antenna taking into account the 
variable distribution of both inductance and capacity per unit length of the aerial. An 
antenna of negligible resistance and height 115 assumed together with an impressed frequency 


f such that ті = 1 where Ais the wavelength corresponding to /. The solution for the voltage 


and current distribution along the antenna is given іп terms of Bessel's Functionsi Curves 
for ready application to numerical cases are given. 


+ See Rapio Review Abstract No. 2, October, 1919, for abstract of the original paper ; 
also No. 269, April, 1920, for further reference to additional discussion. 
Т See Каро Review Abstract No. 832, September, 1920, for abstract of the original 


paper. 
| See Proceedings of the Institute of Radio Engineers, December, 1918. 
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1189. THE EFFICIENCY ог AERIALS, AND THE Power RequirED For Lone DISTANCE 
Transmission. С. W. O. Howe. (Electrician, 85, pp. 298—300, September roth, 
1920. Technical Review, 7, pp. 144—145, November 2nd, 1920 —Abstract.) 
Paper read before Section С of the British Association at Cardiff. The subject-matter 18 
covered by the editorial articles in our August and September issues,* where the full paper 
was given with all the diagrams. 


I1go. OSCILLATING CIRCUITS WITH TRIODE GENERATORS AS ACOUSTIC 


FREQUENCY STANDARDS. (Zeitschrift fiir Instrumentenkunde, до, 
pp. 119—120, June, 1920.) 

The Reichsanstalt has made experiments to see whether the constancy of the frequency 
is such that such valve circuits could be used instead of standard tuning forks. The possibility 
of a continuous variation of the frequency would be a great advantage. Experiments showed 
that with proper precautions the frequency was constant to 1 part in 10,000 even when the 
triode was changed. 


1191. А SIMPLE METHOD oF CALCULATING THE INDUCTANCE OF A SINGLE 
Laver Winpinc. (La T.S.F. Moderne, 1, pp. 151—154, August, 
1920.) 
The method first described is essentially that first developed by H. Nagaoka. (Inaccuracies 
in the formule and numerical examples were corrected in the September issue.) 


1192. THe Mutruat Імрустамсе oF SincLtE Turn RECTANGLES AND 
SouanEs. A. Esau. (Annalen der Physik, бі, pp. 410—420, 
February 22nd, 1920. Science Abstracts, 23А, pp. 289—290, Ab- 
stract No. 743, May 31st, 1920—Abstract.)f 


The author develops a formula for the mutual inductance of two parallel rectangles of 
different sizes but symmetrically placed and then considers several special cases, obtaining 
results in accordance with the known formule for these cases. Simplified approximate 
formule are obtained for the case of squares of nearly the same size, when separated by a short 
distance. The accurate formula for the mutual inductance of two squares placed parallel 
and symmetrical is simplified and written thus 


M= а8 
where @ = side of smaller square 
a + 2c= side of large square 
d = distance between the planes of the squares 
S = Хоа, Ја), the values of which are given in the following table. 


Values of фа 


c/a 
0-0 0-1 0:2 0-5 1:0 2-0 4:0 

0:0 — 13-02 8:264 3:224 1:016 0-202 0-028 
0-1 14-74 12-12 8:832 3-688 1-312 0-264 0-036 
0-2 10-70 9-904 8-232 4-232 1-576 0-360 0-056 
0-5 6-40 6-256 5-872 4-264 2-136 0-600 0-112 
1:0 3:968 3-036 3-856 3:384 2-328 0-952 0-208 
2-0 2-320 2-296 2-256 2:176 1-888 1:184 0-416 
4-0 1:232 1-248 1-256 1-232 1-200 1-200 0-568 


* Rapio REVIEW, I, pp. 540—543, August, and pp. 598—608, September, 1920. 
T See also pp. 763—768, in this issue. 
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This formula in conjunction with the following formula for the self-inductance of a single 
square turn enables one to calculate the coupling coefficient of two single square turns. 


L= a8’, where 8’= f (3) and p= radius of wire. 


ајр 8” а/р i 
20 20-18 2000 56-62 
40 25-59 4000 62:16 
60 27-90 6000 65-41 
80 30-97 8000 67:70 

100 39.73 10000 69-49 


1193. А Метнор ғов Мекдзовис Frequencies. А. Zacek. (Phystka- 
lische Zeitschrift, 20, рр. 348—350, August Ist, 1919. Electrical 
World, 75, p. 1150, May 15th, 1920—Abstract.) 

An apparatus is referred to comprising a double branch test circuit each one branch con- 
taining an ohmic resistance and the other an inductance. The heater wire of a thermo-element 
is included in each branch, and the thermocouples themselves connected to the two windings 
of a differential galvanometer. The frequency of the test current may be determined by 
varying the resistance branch until the galvanometer shows zero deflection. 


1194. Tue Use or THE TELEPHONE RecEIvER ІЧ Brioce Метнорѕ. (Zeii- 
schrift fiir Instrumentenkunde, 40, pp. 123—124, June, 1920.) 
Low-frequency A.C. can be used if a buzzer be inserted to interrupt the current. The 
arrangement is inferior to the vibration galvanometer. 


1195. Tur Inrensiry оғ Wireess S1cNALs. (Scientific American, 123, 
p. 149, August 14th, 1920.) 

Reference is made to a method of comparing the strengths of received radio signals which 
has been worked out in France. It is applicable only to C.W. reception and the comparison 
is made by adjusting a local source of oscillations to give the same heterodyne note and signal 
strength as that of the incoming signals. Fine adjustment can be obtained by shunting the 
telephones, An accuracy of between 5 and 10 per cent. is claimed. 


1196. MEASUREMENT oF Smartt Мотолг Inpucrance. (Zeitschrift für. 


Instrumentenkunde, 40, pp. 122—123, June, 1920.) 

The coil L;, Fig. 2, constitutes the primary of the mutual inductance M. ris a fixed and R an 
adjustable resistance. If В is kept negligibly small compared with 1/0, zero reading is 
obtained on the galvanometer С when M = CrR. It is important to make an earth connec- · 
tion at the indicated point. The method is only suitable when М is small. 
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775 
(Verhandlungen der Deutschen Phystkalischen Gesell- 
schaft, 1, pp. 49—50, June roth, 1920.) 


A brief summary of an experimental lecture given at Vienna illustrating the phenomenon 
discovered by Barkhausen (see Rapio REVIEW, І, p. 434, June, 1920). 
1198. THe Сатноре Ray OSCILLOGRAPH. 

1920.) 


work. 


(Scientific American, 123, p. 121, August 7th, 
A short note referring to the utility of the cathode ray oscillograph for radio frequency 


1199. THE Corona VOLTMETER AND THE ELECTRIC STRENGTH OF AIR. 
444, and pp. 511—526, May, 1920. 


ment of high voltages. 


J. B. Whitehead 
and Т. Isshiki. (S'ournal of tbe American Institute of Electrical Engineers, 39, pp. 441— 
No. 661, July 31st, 1920—Abstract. 
1920---А bstract.) 


Science Abstracts, 238, pp. 339—340, Abstract 
Technical Review, 7, рр. 64—65, October 19th, 
Discusses the possibilities of utilising the phenomena of the corona discharge for the measure- 
1200. CALIBRATION OF WAvEMETERS. (Zeitschrift für Instrumentenkunde, 
40, pp. 120—121, June, 1920.) 

An account of the determination of the frequencies of standard wavemeters at the Reichsan- 
stalt. Harmonics are used for the higher frequencies and the frequency of the fundamental 
was determined (1) by measuring the inductance and capacity, (2) by acoustic methods and. 
(3) by measuring the speed of a high-frequency alternator. 


and 0-01 H the three methods gave 10,567, 10,570 and 10,573 cycles per second. 
September, 1920.) 


In the case of a circuit of 0°02 „Е 
1201. TRANSMITTER FOR Use on Direct Current. (Wireless Age, 7, p. 22, 

A description is given of a motor-driven commutator arrangement—here termed a resonant 
apparatus. 


converter—for transforming direct current into low-frequency alternating current for wireless. 
transmission. A rotary spark gap is mounted on the same shaft as the commutator and the 
interruption. 


Loewe. 


arrangement of connections of the direct current supply follows the usual one for such 
1202, APPARATUS FOR GENERATING OSCILLATIONS. 


The low-frequency circuit through the commutator is tuned to the frequency of 


E. Е. Huth and 5. 
(German Patent 307712, March 14th, 1917. 
October 7th, 1919. Jahrbuch Zeitschrift fiir drahtlose Telegraphie, 
15, p. 488, June, 1920.) 


Patent granted 
An arrangement in which quenched spark gaps QQ are connected in series with rectifying 
devices RR. Both half cycles of the A.C. source are thus used. See Fig. 3. 


‘H— 00000000 —< 


Fic. 3. 
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1203. METHOD or SicNALLING WITH AN Arc. (Wireless Age, 7, p. 23, 
January, 1920.) 

Abstract of a patent by R. G. Marks and L. F. Fuller describing a means whereby the 
oscillations set up by an arc oscillation generator may be started and stopped by means of 
the ordinary telegraphic key. When the key is depressed the arc is shunted by an electro- 
lytic lightning arrester of three or four units, the discharge through which suppresses the arc. 
On releasing the key the circuit through this arrester 1s broken and a high-voltage high- 
frequency source is momentarily switched on to create a potential difference across the arc 
terminals sufficient to reignite the arc. The arc may thus be extinguished and relighted at 
ordinary telegraphic speed. 


1204. THE 10 xW Vacuum TUBE TRANSMITTER OF THE TELEFUNKEN Com- 
PANY. W. Schaffer. (Telefunken Zeitung, 4, No. 21, pp. 20—26, 

July, 1920.) 
A description with photographs and diagrams of connections of a transmitter containing 


thirty tubes in parallel supplied at 3,000 volts and supplying 10 kW to the direct coupled 
aerial. 


1205. VOLTAGE SOURCE FOR VALVE Transmitrers. C. Lorenz. (German 
Patent 310121, July 24th, 1918. Patent granted October 4th, 1919. 
Fabrbuch Zeitschrift fiir drahtlose Telegraphie, p. 165, February, 
1920—Abstract.) 


A series arrangement of an alternating current source and a direct current source by means 
of which either type of voltage may be used as required. 


1206. CONTRIBUTION TO THE THEORY or AUDION GENERATORS: THE CONDITION FOR EXCITA- 
TION AND THE DEGREE OF DAMPING or FEEBLE OSCILLATIONS OBTAINED FROM THIS 
APPARATUS. А. Blondel and C. Lavonchy. (Science Abstracts, 238, р. 112, Abstract 
No. 215, February, 1920—Abstract.) 

See Rapio Review Abstract No. 419, June, 1920. 


1207. А GRAPHICAL STUDY or THE OPERATION oF AUDIONS AS SENSITIVE RECEIVERS OR AS 
DECREMENT PRODUCERS (“ DESAMORTISSEURS ") IN A REsoNANT Circuir. A. Blondel. 
(Science Abstracts, 23a, p. 240, Abstract No. 611, April, 1920—Abstract.) 

See Rapio Review Abstract No. 422, June, 1920. 


1208. HIGH-FREQUENCY ALTERNATOR. Société Francaise Radio-Electrique. 


(French Patent 487996, March 13th, 1915. Published August 9th, 
1918.) i 

To obtain a constant load on the shaft of a high-frequency alternator used in wireless 
telegraphy, so as to maintain a constant frequency, an auxiliary generator is mechanically 
coupled to the alternator. The auxiliary generator is excited and acts as a load when the 
alternator is not excited. In the apparatus described the auxiliary generator is a three-phase 
alternator and it has a de-magnetising winding connected to the exciter for the high-frequency 
alternator, in such a manner that the said winding and the exciting winding of the high- 
frequency alternator are controlled by the signalling switch. For further particulars see 
British Patent 100184. 


1209. Transoczanic Rapio Communication. Е. Е. W. Alexanderson. 
(Proceedings of the Institute of Radio Engineers, 8, pp. 263—285, 
August, 1920.) 

This paper was presented at a joint meeting of the American Institute of Electrical Engineers 
and the Institute of Radio Engineers and the report of it in the Proceedings of the American 

Institute of Electrical Engineers has already been abstracted.* In this account photographs 


* Каро Review Abstract No. 216, March, 1920. 
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of the installation at New Brunswick, N.J., are given together with a detailed description 
from which the following details are taken. 

The generator in use at present is a 200 kW radio frequency alternator which when operated 
at a wavelength of 13,000 metres runs at a speed of 2,170 r.p.m. As the wavelength depends 
on the speed an important accessory is the speed regulator, the speed determining element 
of which is a resonant radio frequency circuit fed by one of the sixty-four alternator windings 
and which is set aside for that purpose. 

The method of modulating or controlling the radio frequency energy for telegraphy involves 
the use of the magnetic amplifier, while when the station is used for telephony the controlling 
current is an amplified telephone current. The antenna is of the multiple type with a total 
resistance of 0:5 ohm. 


1210. WIRELESS TELEPHONY AT THE TELEFUNKEN Exuipition. (Telefunken 
Zeitung, 4, No. 21, pp. 60—62, July, 1920.) 
A description of a set permanently installed for demonstration; it works with another 
station across a canal. 


I2II. CONDENSER Гүре TRANSMITTER. І. B. Crandall. (Electrical World, 
75, p. 1151, May 15th, 1920.) 
Some measurements are referred to on the sensitiveness and other constants of a telephone 
transmitter of the condenser type. 


1212. A New Мпскорнонк. A. Soret and R. Couespel. (Annales des 
Postes, Télégraphes et Téléphones, 8, р. 666, December, 1919. Tele- 
graphen- und Fernsprech-Techntk, p. 33, May, 1920—Abstract.) 

In this microphone the granules are not in contact with one another but only with the 
carbon block and the diaphragm; the former is 27 mm. diameter and contains 220 cavities 
each with a single granule; the diaphragm is only 0-2 mm. thick and is highly polished, the 
best adjustment is obtained by means of a micrometer screw. The authors claim that this 
is very superior to other microphones both in sensibility, purity of tone and constancy. 


1213. TELEPHONE Rerays. M. Latour. (British Patent 142937, February 
14th, 1919. Convention date, February 14th, 1918. Patent accepted 
May 14th, 1920.) 
An addition to British Patent 140506 * providing for slight modifications in the connection 
arrangement of the coupling transformers. 


1214. TELEPHONE TRANSMITTER. S. C. Porter. (French Patent 489694, 
June roth, 1916, Published March Ist, 1919.) 

The telephone transmitter is mounted with its ва adjacent to one wall of a resonant 
chamber whose opposite side is open. This chamber is placed within a second resonant 
chamber with its open side opposite to the end of the second chamber. The front of the 
second chamber is open and may be covered by a screen which will allow the passage of sound 
waves. See also British Patent 100689. 


1215. TELEPHONE TRANSMITTER. A. Vaugean, А. de Lavendeyra, and W. 
Garthwaite. (French Patent 502437, September 4th, 1915. Published 
May 14th, 1920.) 
This specification describes a telephone transmitter in which the microphone is constituted 
by one or more very light cases, for example, of glass, containing spheres of carbon. 


1216. A Duplex RaprorkLEPHONE SET. М. B. Sleeper. (Everyday Engineering Magazine, 


9, pp. 256—258, June, 1920.) 
See pp. 751—753 in this issue for abstract. 


+ See Rapiro Review Abstract No. 897, October, 1920. 
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1217. WinxrEss TELEPHONY, (La Nature, 48 (1), Supplement, p. 161, May 29th, 1920.) 


A. short note referring to the inception in France of wireless telephony tests carried out 
between London and Rome. 


1218. HIGH-POWER WIRELESS IN ARGENTINA. (Times Trade Supplement, 6, No. тото, p. 577, 
August 14th, 1920. Electrical Review, 87, p. 245, August 20th, 1920— Abstract.) 
Refers to the formation of a wireless company in Argentina under German financial control 
for the establishment of direct radio communication with Nauen. 


1219. WIRELESS TELEPHONY ON SEABOARD. (Science and Invention, 8, p. 404, August, 
1920.) 


A short illustrated description of some seaboard installations. 


1220. EXPERIMENTS wirH WiRELESS Нісн SPEED TELEGRAPHY. Е. Kiebitz. 
(T elegrapben- und Fernsprech-Technik, 9, p. 9o, August, 1920.) 
A description of a receiving system very similar to that described by Banneitz,* the prin- 


cipal difference being in the use of an ironless tuned intermediate circuit of the telephone 
frequency, with the object of reducing interference. 


1221, THE THERMIONIC VALVE IN WIRELESS TELEGRAPHY AND TELEPHONY. 
J. A. Fleming. (Nature, 105, рр. 706—720, August 5th, 1920.) 
Abstract of lecture delivered at the Royal Institution on May 21st, 1920, summarising the 


stages in the discovery and development of the triode valve and including a description of 
the author's five-electrode valve relay. 


1222. Keyinc Device ror WIRELESS TeELEGRAPHY. C. Lorenz. (German 
Patent 298872, April Ist, 1916. Patent granted, October 4th, 1919. 
Addition to German Patent 195029. ahbrbuch Zeitschrift für 
drahtlose Telegraphie, 15, pp. 505—506, June, 1920.) 

An ordinary Morse contact key which is inserted in parallel with a glow lamp resistance 


directly in the antenna circuit. When the key is pressed the lamp is short circuited. The 
device ensures a constant load on the generator. 


1223. Tue Manuracture or Hicu-vacuum Товеѕ. (Telefunken Zeitung, 
4, No. 19, pp. 14—26, and No. 21, pp. 5—20, July, 1920.) 


A popular well illustrated description of the various processes in the construction of high- 
vacuum tubes, including illustrations of a number of types of tube. 


1224. Vacuum TUBE AMPLIFIERS. M. Latour. (Electrical World, 76, p. 241, 
July 31st, 1920.) 

Correspondence relative to an article by M. C. Batsel in the Electrical World for March 29th, 
1919, describing radio frequency valve amplifying apparatus manufactured by the Signal 
Corps, U.S.A. The writer states that the amplifiers described are only reproductions of 
apparatus designed by him for the French Military Telegraphs in 1916. 


1225. Tue Vacuum Tuse ім RaprorELEPHONY. J. Scott-Taggart. (Elec- 
trician, 85, pp. 30I—303, September roth, 1920.) 

The author points out that the essence of radiotelephony lies in the provision of an adequate 
modulation system for controlling the high-frequency energy. This article Бпейу summarises 
the various modulation methods that have been proposed, and is divided into the following 
heads: Amplification of the Modulated Energy, Grid Potential Modulation, Anode Potential 
Modulation, Absorption Method, the Triode as a Variable Conductor of Continuous Oscilla- 
tions, Choke Control Methods. No new methods are dealt with, and in the description of 
the last one the designation of the valves appears to be in error. 


* See Rapro Review Abstract No. 1065, November, 1920. 
ї Rapio Review Abstracts No. 805, September, and No. 976, October, 1920. 
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1226. PHENOMENA IN OXIDE-COATED Fitamenr ErEcrRoN Товкз. Н. D. Arnold. 
(Physical Review, 16, pp. 70—82, July, 1920.) 
See pp. 745--750 in this issue for abstract. 
The original contains an extensive bibliography of the subject. 


1227. Vacuum VALVES AND Vatve Circuits. А. V. Ballhatchett. (Model Engineer, 43, 
рр. 232—236, September 16th, #920.) 
A short account of various types of valves with circuit diagrams explaining their use. 
A Round valve, a Q valve, an audion and a French valve are illustrated. 


1228. А New Metuop or Мклвукікс Very Нісн Vacua. H. Riegger. 
(Zeitschrift für technische Physik, 1, pp. 16—19, January, 1920.) 

A description of a new instrument on the Knudsen principle. Current is passed through 
a circular heater below which is placed an aluminium disc carrying inclined vanes around its 
periphery ; this wind-mill, which is suspended by a fine tungsten wire, is rotated by bombard- 
ment of the gas molecules rebounding from the heater. The disc carries a scale and is damped 
by means of an external electromagnet. An instrument with a period of three minutes could 
measure vacua of 1079 to 1077 mm., but the reliability of its readings has yet to be 
investigated. 


1229. Hicu-vacuum Pumps. А. Gehrts. (Zeitschrift für technische Physik, 
I, pp. 61—71, March, 1920.) 

An illustrated description with extensive bibliography of the recent advances in high 
vacuum pumps, especially those of the condensation type. A description is given of a 
pump made by Siemens and Halske of the type first described by Gones and Russell in which 
the mercury is vaporised by means of an arc. 


1230. ELECTROTHERAPEUTIC Apparatus. W. L. Carlson and E. C. Hanson. (U.S. Patent 
1338812, July 12th, 1919. Patent granted May 4th, 1920.) 
Describes the use of a three-electrode valve for generating sustained oscillations for electro- 
medical application. 


1231. Tue Propuction or Нісн D.C. VorrAcEs wirHouT TRANSFoRMERS. Н. Greinacher. 
(Bulletin der Schweizerische Electrotechnische Verein, 11, pp. 59—66, March, 1920. 
Elektrotechnische Zeitschrift, 41, p. 759, September 23rd, 1920—Abstract. Science 
Abstracts, 238, рр. 244—245, Abstract No. 486, Мау 31st, 1920—Abstract. Technical 
Review, 6, р. 545, June 22nd, 1920—Abstract.) "m 

Schenkel has invented the device shown in Fig. 4 for multiplying up and rectifying a 
given A.C. supply without the use of step-up transformers." The thermionic 
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rectifiers are shown diagrammatically. This article describes several extensions of this 
arrangement. The general scheme of one of the improved arrangements is indicated in 


* Каро Review Abstract No. 117, January, 1920. (See also correction, p. 264, February, 
1920.) 
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Fig. 5. Other arrangements are described for giving even multiples of the supply voltage 
and experimental results which confirm the theory. | 


1232. Отвкстгув WimgrEss TELEGRAPHY. Е. Kiebitz. (Telegraphen- und 
Fernsprech-Technik, 9, pp. 46—50, June, 1920.) 

A paper read before the telegraph section of the Elektrotechnische Verein, Berlin, giving 
a historical survey of the subject and a brief discussion of the applications of directive tele- 
graphy to aeroplanes and to the guidance of ships. Scheller’s method * and a modification 
of it are discussed at some length. The methods were illustrated by a number of experiments 
with waves of 1 or 2 metres length. In the discussion that followed, the principal subject 
was the Marconi bent antenna, which Seibt maintained had a directive action per se, whereas 
Kiebitz and K. W. Wagner insisted that any such action was due to resistance in the earth 
beneath the antenna. | 


1233. An IMPROVEMENT IN Frame AERIAL Direction FiNDERs. J. de 
Mare. (La T.S.F. Moderne, 1, pp. 148—150, August, 1920.) 

The author describes a modification of the ordinary polar reception curve of a frame aerial 
which results from earthing one terminal of the frame. The application of this modification 
to direction finding is then described and a circuit diagram of the arrangement given. (Com- 
pare also Rapiro Review Abstract No. 946, October, 1920.) 


1234. Отвкстон Finpinc ву Rapro. (Scientific American, 122, p. 669, 
June 19th, 1920.) 
A short note relative to the errors found in D.F. work on long wavelengths and the influences 
of transmission overland. 


1235. THE APPLICATION OF THE Austin-CoHEN FORMULA TO THE SOLUTION 
OF SOME IMPORTANT PROBLEMS or RADIOTELEGRAPHIC TRANSMISSION. 
(Fabrbuch Zeitschrift fiir drahtlose Telegraphie, 16, pp. 114—125, 
August, 1920.) 

This is a free translation by Franz Tank of a paper by Bouthillon in Revue Générale de 

l Électricité, 3, pp. 419—425, 1918. Оп certain simplifying assumptions as to the radiation 
resistance of the sending antenna and the detector resistance, an expression is obtained for 
the efficiency of transmission. Various problems are then considered, e.g., given the wave- 
length and the distance to determine the characteristic magnitudes at the sending and receiving 
stations ; the determination of the range of transmission; the determination of the most 
efficient wavelength. A graphical method is given which the author claims to be simpler than 
those already published. 


+ See Rapio Review Abstract No. 674, August, 1920, for description. 
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1236. Report oF THE WORK OF THE GERMAN TELEGRAPH EXPERIMENTAL 
DEPARTMENT BETWEEN 1913 ANDIQI8. (Telegraphen- und Fernsprech- 
Technik, pp. 69—85, August, 1920.) 

A section of this deals with radiotelegraphy, but the reports are very brief and merely 
summarise the results obtained ; the subjects dealt with include the velocity of propagation 
over dry and damp earth; the directive effect of horizontal aerials with a view to duplex 
working ; the effect of aperiodic and tuned intermediate circuits in eliminating atmospherics ; 
a new method of measuring coupling (in reality a very old method), and the accuracy obtain- 
able by the parallel ohm method of measuring signal strength. 


1227. ELECTRIC PHENOMENA OCCURRING IN Нтсн LEVELS IN THE ATMO- 
SPHERE. S. Chapman. (Journal of the Institution of Electrical 
Engineers, 57, Supplement, pp. 209—222, October, 1920.) 


Paper read before the Institution of Electrical Engineers May 22nd, 1919, and dealing with 
various phenomena such as ionisation, etc., some of which are of interest in radio theory. 
As a result of the large number of measurements on aurorz it was shown that the average 
height at which ionisation appears to begin is about 100 km. 


1238. THe UNILATERAL Conpuctiviry or CmvsTArs. F. Streintz and 
А. Wesely. (Physikalische Zeitschrift, 21, pp. 316—321, June 15th, 
and pp. 367—374, July 15th, 1920.) | 

A continuation of a previous paper on this subject.* These parts deal very fully with 
thermoelectric measurements on crystals of silver sulphide. 


1239. ON THE CAUSE oF THE EFFECTIVENESS oF RADIATION DETECTORS 
AND Erecrron Rzravs. Е. Е. W. Rasch. (Physikalische Zett- 
schrift, 21, pp. 381—382, July 15th, 1920.) 

A reproduction of a letter sent to Ferd. Braun in 1903 on the coherer action due to the 
heating of conductors of the second class, such as films of oxide and sulphide and suggesting 
the practical importance of research on the subject in connection with radio-telegraphy, 


1240. ELECTRIC Contact AND CoHERER Action. Н. Rohmann.  (Pbysi- 
kalische Zeitschrift, 21, pp. 417—423, August 15th, 1920.) 

A device is described whereby the distance between two electrodes can be varied and 
determined tol ри (=10 € cm). The movable electrode is carried on a short arm near 
the fixed end of a steel rod the other end of which can be twisted by a long arm against the 
end of which a fine micrometer screw presses. Tables and curves are given for various 
electrodes, showing the current for a constant E.M.F. as the distance is varied from 1 to 50 pp, 
and for a constant distance as the E.M.F. is varied. The latter shows the current to be 
proportional to the E.M.F. up to a certain point where it increases much more rapidly, probably 
owing to electrostatic forces closing the contact. The author concludes that current passes 
before the actual metals make contact, probably through a film of water, but there is no 
certainty as to the nature of the film. The author thinks that his results disprove the passage 
of free electrons, but admits that further research on this point is desirable. The author’s 
device allows such fine adjustment that reliable microphone action can be obtained between 
metals, tungsten and chromium needing no adjustment for hours. If the distance between 
the electrodes is too small or too great the refinements in the sound are not reproduced. The 
device lends itself to the study of coherer action. 


1241. PHOTOGRAPHIC RECEPTION OF SPARK S1GNALs. J. A. Hoxie. (Elektro- 
technische Zeitschrift, 41, pp. 733—734, September 16th, 1920.) 


A brief reference to reception by means of a reflecting galvanometer and photographic 
apparatus. 


* Rapiro Review Abstract No. 752, September, 1920. 
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1242. WIRELESS Carr For Suips. H. Thurn. (Telegrapben- und Fernsprech-Technik, 9, 

рр. 64—65, July, 1920.) | кете 

Describes the automatic call device developed by Marconi’s Wireless Telegraph Company, 
Limited.* 

1243. Static ELIMINATION ву DIRECTIONAL Reception. С. W. Pickard. 
(Proceedings of the Institute of Radio Engineers, 8, pp. 358—415, 
October, 1920.) 

Paper read before the Institute of Radio Engineers, November, 1919, of which an abstract 
has already been given.| In the discussion, C. L. Farrand criticised Pickard’s use of the 
phrase “ elimination by directional reception " with regard to the circuits proposed by the 
latter ; and also attempted to meet the objections usually raised against the “ vertical pro- 
pagation of static " theory. The argument that the theory fails because a vertical antenna із 
strongly affected by static is met by the assumption of the generation of “ static " currents 
in the conducting earth. 

Details of some experiments carried out with the “ Barrage" receiver of Alexanderson 1 
were given by Н.Н. Beverage who found that the signal-stray ratio was most favourable with 
the particular adjustment which balanced south-west signals. Tests at Long Island confirmed 
Pickard’s observations that the strays are directional on the North Atlantic coast with a 
maximum on the south-west horizon. 

G. W. Pickard in reply discussed the simple theory that atmospherics are mainly of tropical 
origin and indicated marked correspondence between the seasonal variation diagrams of thunder- 
storms and atmospherics in the United States. Directional bearings from two stations on 
the Atlantic and Pacific coasts apparently locate the source of static somewhere in the vicinity 
of the Gulf of Mexico. But it is impossible to attribute every stray to a lightning flash as in 
the United States half a million flashes each day would be required to fit the facts. Although 
only an inconsiderable portion of static can be attributed to lightning flashes, thunderstorms 
are probably the sources of many atmospherics because of the high level discharges associated 
with them. The potential of a thundercloud is of the order of two hundred million volts and 
from a detailed consideration of these clouds the theory is advanced that the portion of the 
total static which may be attributed to thunderstorms is due to equalising lateral discharges 
at an altitude of 50 or 100 kilometres. In this connection L. W. Austin stated that it is difficult 
to understand how electrical disturbances without visible manifestation can be produced 
which are more powerful than any known high power station while a lightning flash hardly 
produces a disturbance twenty miles away. 

It has been found by H. H. Beverage that an antenna directive towards the north-east 
receives only very little grinder static while an antenna directive to the south-west receives 
very strong grinder static often ten to forty times as strongly. Clicks can usually be attributed 
to lightning discharges in the neighbourhood. 

C. A. Hoxie dealt with some photographic galvanometer records obtained in some experi- 
ments carried out with the aim of localising the direction of atmospherics. Considerably 
more static was obtained on a NE-SW loop than from one placed E-W or one placed NW-SE. 
A. S. Blatterman from some observations made in New Jersey confirmed Hoxie’s statement 
that the maximum effect 1s obtained in the SW-NE direction. 

F. K. Vreeland pointed out that the balancing system previously suggested by Austin 
requires that the shock oscillation in the two collectors must agree in magnitude, phase, 
frequency and decrement. It was difficult to arrange that this should be so in practice. The 
problem of eliminating the effects of sharp impulsive strays can be met in a simple manner. 
which is not described. Dr. Austin in reply mentioned that disturbances had been met with 
which indicated that static had sometimes definite wavelengths of its own. 


1244. RECEIVER Circuit. U. B. Ross. (Wireless Age, 7, p. 27, January, 
1920.) 
In the circuit described the plate and grid of the detecting valve are connected across the 


* See Барто Review Abstract No. 551, July, 1920. 
T Каро Review Abstract No. 525, July, 1920. "m 
| See RAp10 Review Abstract No. 75, December, 1919, for description. 
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aerial tuning inductance while the aerial shortening condenser completes the grid filament 
circuit, a separate grid condenser being interposed in the grid lead. The H.T. batteries 
in series with the telephones are connected between plate and filament in shunt to the antenna 
circuit, A low-frequency magnifier may be joined across the telephones in the plate circuit 
of the first valve. 


1245. Томс. Wave TUNER Амр C.W. RECEIVER AND AMPLIFIER. (Model Engineer, 43, 
pp. 270—272, September 3oth, 1920.) 
Constructional details are given for a tuner to operate between 150 and 4,500 metres and 
a single valve detector which may be operated as an autodyne. 


1246. QUANTITATIVE EXPERIMENTS WITH Соп, ANTENN# ім Калото TELE- 
GRAPHY.  L. W. Austin. (Proceedings of the Institute of Radio 
Engineers, 8, pp. 421—423, October, 1920.) 

The original paper was first published in the Fournal of the Washington Academy of Sciences— 
see Варто Review Abstract No. 3, October, 1010. In the discussion of the paper as presented 
to the Institute of Radio Engineers, Dr. J. H. Dellinger refers to the differences in the values 
of the constants of the transmission formule given by Austin and himself (see Влото REVIEW 
Abstract No. 4, October, 1919). The Austin antenna to antenna formula is based on the 
assumption that the ground is a perfect conductor in which case the hypothetical Hertzian 
oscillator is equal in length to twice the height of the antenna to its centre of capacity. 
The other formula suggested assumed a Hertzian ‘oscillator having its length equal to the 
actual height of the antenna above the ground. The truth lies somewhere in between the 
two. For an antenna on good conducting ground or over salt water there is probably a 
considerable image effect but in most cases the equivalent oscillator is somewhat less than 
twice the antenna height. 

G. S. Davis expresses the opinion that the development of the use of coil aerials was not 
due solely to the assistance of valve amplifiers but because of the necessity of developing 
direction finders for war purposes. 


1247. HIGH-FREQUENCY AMPLIFIERS AND Frame ANTENNE. К. Ettenreich. 
(Ferbandlungen der Deutschen Physikalischen Gesellschaft, 1, pp. 66—67, 
June 14th, 1920.) 

A brief account of an experimental lecture given at Vienna, illustrating the properties of 
the triode and the action of a five-stage amplifier in connection with a frame aerial and a 
separate heterodyne generator. Reference is made to a patent application by E. Schrack for 
graphite resistances fused into the bulb of the triode for both anode circuit and grid leak. 


1248. Loop ANTENNA FOR SupmaRINES. R. В. Batcher. (Wireless Age, 7, рр. 28—31, 
January, 1920.) 

A brief résumé of the experiments carried out by J. A. Willoughby and P. D. Lowell. (See 
Rapio Review Abstract No. 85, December, 1920.) 

1249. CunmisriAN1A WirELEss Station. (Telefunken Zeitung, 4, No. 21, 
рр. 27—37, July, 1920.) 

A description of the recently erected Telefunken Station. The transmitting plant is similar 
to that at Nauen, with high-frequency generator and frequency transformers ; the power 
delivered to the antenna is 15 kW, and the wavelengths 4,000, 5,400 and 8,000 metres. The 
article is well illustrated and photographs are given of the accumulation of snow and ice on 
the aerial towers, etc. This has necessitated a modification in the original scheme, an extra 
tower having been erected to halve the span. 


1250. WirELEss Harr Way Rounp THE Мовго. J. W. Kean. (Scientific 
American, 122, pp. 698 and 712, June 26th, 1920.) 

A description of the work of building and equipping the Bordeaux (Lafayette) Radio 
Station with some particulars of the plant, towers, power supply, etc. 


1261. THE WinELxss Station AT Nauen. С. Arco. (Revue Générale de I Électricité, 7, 
p. 198p, June rgth, 1920—Abstract.) 
See Rapio Review Abstract No. 531, June, 1920. 
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1252. Tue Нтен Frequency MacuiNE AND TRANSFORMERS AT Nauen., W. Dornig. (Tele- 
funken Zeitung, 3, No. 17, pp. 65—74, August, 1919.) 

An illustrated descriptive article—for abstract of which see RApro Review Abstract No. 532, 
July, 1920. 

1253. Tue Һакск Wiretess Stations. A. Bocquet. (Bulletin de la Société 
Belge des Electriciens, 34, pp. 176—180, August, 1920.) 

A summary is given of the recent rapid development of large wireless stations in France 
and on the increase of sensitiveness of receiving apparatus arising through the use of the three- 
electrode valve. It is stated that using a valve an audible signal can now be obtained over 
a received energy of only 0:000,000,001 microwatt. Developments in the large French 


wireless stations are briefly summarised. 


1254. Larce German Wireess Station. (Elektrotechnische Zeitschrift, 
41, p. 677, August 26th, 1920.) 

Germany possesses three large stations suitable for transocean service, Nauen, Eilvese 
and Kónigswusterhausen, of which the former is the largest in the world and can communicate 
with the antipodes, a distance of 20,000 kms. The technical equipment of these stations 
cannot be fully utilised because suitable stations abroad are neither numerous nor powerful 


enough, 
1255. DEVELOPMENT oF THE GERMAN Network oF WIRELESS STATIONS. 
(Elektrotechnische Zeitschrift, 41, p. §34, July 8th, 1920.) 
Gives a list of the towns in which the stations are now installed with the object of relieving 
the telegraph lines throughout the country. 


1256. WIRELESS TELEGRAPHY IN THE German Согомівѕ. (Telefunken 
Zeitung, 4, No. 21, pp. 48—57, July, 1920.) 
A lecture given to the officers of the Telegraph Corps by Dr. Roscher, describing the pre-war 
scheme for an imperial network, the development up to the outbreak of war, the service 
rendered by the stations during the war and the ultimate loss of all the stations. 


1257. Tur Winpuux Rapro Station DuRING THE War. W. Thiess. (Tele- 
funken Zeitung, 4, No. 21, pp. 43—47, July, 1920.) 

A non-technical description of the arrival of the news of the outbreak of war while the 
station was still undergoing its test after completion, of the reception of messages from Nauen 
(8,500 km) after Kamina (Togoland) had fallen, of the capture of Windhuk by the Union 
troops on Мау 15, 1915, after the receiving apparatus and several essential parts of the 
sending apparatus had been removed to Tsumeb, and of the capture of this latter place a 
few months later. 

1258. Тне ELECTRICAL EQUIPMENT OF THE “ VATERLAND.” (Electrician, 85, p. 160, August 


6th, 1920. Abstracted from Elekirotecbniscbe Zeitschrift.) 
Reference is made to the wireless telegraph installations, of which the vessel carries three, 


including a high frequency alternator. 
1259. WinrLEss STATIONS ім СнімА. (Elektrotechnische Zeitschrift, 41, 
р. 557, July 15th, 1920.) 


The Ministry of Communications has given permission to a number of companies in China 
to erect wireless stations to be used solely for commercial purposes. Stations are being 
erected under the direction of a British engineer for communication between Pekin and 


Chinese Turkestan. 
1260. WIRELESS TELEGRAPHY IN Ecuapor. (Elektrotechnische Zeitschrift, 
41, p. 557, July 15th, 1920.) 


The Société Francaise Radio-Electrique have erected a 10 kW station at Quito for the 
Government ; similar stations are being erected at Guayaquil and Esmeralda. The private . 


importation and erection of wireless apparatus is forbidden. 
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1261, А Роктлвік WirELEsS бет. (Scientific American, 122, p. 697, June 
26th, 1920.) 

Reference is made to a portable transmitting receiver using a loop aerial and crystal detector 
with a sending range from 10 to 12 miles. 

1262. Liresoar Wrretess Set. С. Gruner. (Telefunken Zeitung, 4, 
No. 21, рр. 57—59, July, 1920.) 

A description of a Telefunken set suitable for a 10 metre boat with a 6 metre mast. The 
double-hand-driven generator gives 500 cycles per second at 72 revs. per minute. Jt is a 
quenched gap system tuned to 300 and 600 metres wavelength. | 
1263. THe WIRELESS TELEPHONE RECEIVING STATIONS AT STockEr. (Bulletin de la Société 


Belge des Electriciens, 34, pp. 120—121, April—June, 1920.) 
Some notes are given as to the installation at the Belgian station at Stockel. A frame 


aerial is used together with valve amplifiers and separate heterodyning when required. 
1264. THE Rome WIRELESS STATION. (Scientific American, 123, р. 207, August 28th, 1920.) 
A short note referring to the installation at Rome using arc transmitters. 
1265. Нісн-рочек WIRELESS IN Самара. (Electrical Industries, 20, p. 1276, October 6th, 
1920.) 
A short note referring to the preparations for building a huge experimental radio station 
near Toronto for communication between Canada and England. 


1266. WIRELESS PLANT TO BE Евестер IN Mexico. (Telegraph and Telephone Age, 38, 
p. 425, August Ist, 1920.) 
Refers to a scheme for the erection of four new wireless stations in Mexico. 
1267. LicHTsHIPS TO HAVE WinkLEss. (Wireless Age, 7, p. 8, January, 1920.) 
Refers to the need for installing wireless apparatus on all of the sixty-seven lightships 
stationed round the U.S. coast. 


1268. Ам Erricienr Prain Анвглг Receiver. A. Cooper. (Wireless 
W orld, 8, p. 224, June 26th, 1920.) 
1269. WirELEss IN THE А.Е.Е. L. R. Krumm апа W. H. Taylor. (Wireless 
Age, 7, pp. 12—19, January, 1920; рр. 10—14, April, 1920.) 
In Part III.* some of the D.F. and intercepting stations installed in France are described 
and illustrated. Circuit diagrams of the French amplifier type R. 2 bis, type 8 ter, type No. 3, 


type L. 3 and of wavemeters types 2 and 3 are given. 
In Part IV. buzzer signalling stations and trench listening stations are described. A 


circuit diagram is given of the French type 3 ter amplifier. 


1270. WINDING AND TarPiNG Каро Corts. L. М. Lafave. (Wireless Age, 7, p. 28, January, 
1920.) 
Simple constructional details are given. 
1271. WinpDING InpucTANcES or Номкусомв Cross Section. Е. L. Sweet. (Wireless. 
Age, 7, p. 27, January, 1920.) 
Details are given for building a former upon which honeycomb pattern of inductances may 
be wound by hand. 


1272. Сомремѕев. W. Dubilier. (French Patent 502095, July 29th, 1919. 
Published May 4th, 1920.) 


The condenser is enclosed in a metal casing and a compressor member is provided for 
adjusting the pressure on the condenser elements. The casing is provided with an insulating 
cover, the under surface of the cover and the upper surface of the compressor member having 
corrugations to prevent creepage from the terminal passing through the centre of the cover to 
the walls of the casing. The terminal is surrounded by an insulating bush and the casing is 
filled with a molten wax or similar insulating compound. There is a corresponding British 
application No. 130595, the patent on which has not yet been granted. 


* See Каро Review Abstract No. 194, February, 1920, for abstract of first parts. 
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1273. LINEAR VARIABLE CoNDENSERS FOR WIRELESS WorK. (Electrical World, 75, p. 1225, 
May 22nd, 1920.) 
A variable condenser manufactured by the International Radio Telegraph Company is 
briefly described and illustrated. 


1274. Rapio Frequency Inpuctance Corrs. М. Z. Zinn. (Wireless Age, 
7, pp- 21—23, May, 1920. Science Abstracts, 238, p. 326, Abstract 
No. 644, June 30th, 1920. Electrical World, 76, p. 33, May 3rd, 
1920—Abstract.) 

This paper discusses some of the practical considerations which enter into the design of 
coils for high-frequency circuits. The influence of distributed capacity and of skin effect 
are considered in increasing the effective resistance of the coil. Impedance measurements 
are given of a coil at various frequencies using a radio frequency bridge which is described. 
It is concluded that for wavelengths above 5,000 metres a multilayer coil is many times more 
efficient than a single layer one, but that for short wavelengths a single layer coil is the best. 


1275. Inpucrance. Société Francaise Radio-Electrique. (French Patent 
488195, November 11th, 1915. Published September roth, 1918.) 


The invention consists essentially in a switch for controlling the relative arrangement of 
two inductances used in wireless signalling. The switch has two concentric rows of contacts 
and rotating arms which are so connected that the two inductances may be connected in 
parallel with opposed fluxes, in series with opposed fluxes, or in series with adding fluxes. 

See also British Patent 102148. 


1276. Нісн Inpucrance VanioMmETERs. (Everyday Engineering Magazine, 
9, p. 159, May, 1920.) 


Constructional details of a variometer of the sliding coil type. 


1277. TELEPHONE. Naamlooze Vennootschap de Nederlandsche Thermo- 
Telephoon, Maatschappij. (French Patent 488967, February 19th, 
1918. Published December 3rd, 1918.) 
This specification describes a thermal-telephone and thermal-microphone. The novel 
feature consists in covering the conductors of the hot wire transmitter and receiver with a 
skin of insulating or poorly conducting material. See also British Patent 114418. 


1278. ApjusTABLE Томко TELEPHONE Кескгукв. С. бег. (Elektro- 
technische Zeitschrift, 41, pp. 625-627, August 12th, 1920. Technical 
Review, 7, p. 144, November 2nd, 1920—Abstract.) 

A description of a receiver designed for earth signalling during the war. The number 
of such sets was so great that to prevent interference it was desirable to work at different 
frequencies and use highly resonant receivers tuned to the appropriate frequency. The 
resonance curve of the ordinary receiver is very flat. A receiver with two tuned diaphragms, 
the outer one operated by the ordinary one through the layer of air between them was tried 
but given up in favour of the type described which also has two steel diaphragms which, 
however, are rigidly connected at their centres by a screwed pin, the rotation of which forces ` 
them apart and thus alters their tension and natural frequency. The edges between which 
they are clamped are so rounded that, as the diagrams are forced apart, their effective dia- 
meter is decreased, thus giving a wider range of natural frequencies which can be adjusted 
between 450 and 1,400 per second. To increase the resonance, the diaphragms are weighted 
at their centres. Photographs of the complete receiver are given but no definite figures to 
enable one to compare the sensitiveness of the receiver with that of the ordinary type. 


1279. TELEPHONE Receiver. A. Vaugean, A. de Lavendeyra and W. 
Garthwaite. (French Patent 502436, September 4th, 1915. Published 
May 14th, 1920.) 
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1280. How To MAKE A TELEPHONE TRANSFORMER. A.D. Kent. (Wireless 
World, 7, pp. 699—700, March, 1920. Technical Review, 6, p. 342, 
April 13th, 1920—Abstract.) 
Constructional details with particulars of the core and windings are given for a telephone 
transformer having a primary resistance of 4,500 ohms and a secondary of 60 ohms. 


1281. THe DESIGN Амр CONSTRUCTION OF AN AMATEUR RECEIVING SET. 


A. D. Kent. (Wireless World, 7, pp. 536—540, December, 1919.) 


1282. А Свүвтлі, Receiver wirs Уліме Macnirier. (Wireless World, 8, 
рр. 64—66, April 17th, 1920; pp. 99—101, Мау Ist, 1920; рр. 139 
—140, May 15th, 1920.) 

Constructional details are given with particulars of the windings, condensers, etc. 


1283. Aupion Vacuum Тове Detector. (Electrical World, 75, p. 1290, 
May 29th, 1920.) 
A short illustrated note describing a single valve detector unit manufactured by the Inter- 
national Radio Telegraph Company, New York. 


1284. AMPLiFYING Rapio Transrormers. (Electrical World, 76, p. 104, 
July roth, 1920.) 
A short illustrated note describing a transformer with a ratio of 4 to 15 wound on a lami- 
nated iron core and with primary and secondary resistances of 1,000 and 5,000 ohms respec- 
tively, manufactured by A. H. Corwin and Company, New Jersey. 


1285. Tne DESIGN AND CONSTRUCTION OF A WAVEMETER AND TUNING SET. 
A.D. Kent. (Wireless World, 8, pp. 8—12, April 3rd, 1920.) 


Dimensions and constructional details are given for a simple wavemeter having five fixed 
condenser units which may be connected in parallel and a variometer type of inductance for 
tuning purposes. 


1286. TELEGRAPHING WITH InvistBLE Rays or Heat. J. Stuart. (Popular 
Science Monthly, 97, р. 51, September, 1920.) 

A short illustrated description of photophonic apparatus utilising heat rays. For reception 
purposes a small platinum-tellurium thermo-electric couple is described for use in conjunction 
with a three-valve amplifier. The thermo-couple is enclosed in a glass cell with a fluorite 
window. See also Rapio Review Abstract No. 71, November, 1919. 


1287. Licut-sensitivE Exectric Device. Т. W. Case. (French Patent 
499913, September 24th, 1918. Published February 26th, 1920.) 
An electric resistance sensitive to light rays both visible and invisible is formed of a com- 
pound of thallium and sulphur, preferably, thallium oxy-sulphide.* 


1288. Licut-sensitivE ErkcrRIic Device. Т. W. Case. (French Patent 
499914, September 24th, 1918. Published February 26th, 1920.) 


A light-sensitive resistance comprising a compound of thallium and sulphur is spread over 
a disc of quartz or silica at a high temperature. Preferably, thallium oxy-sulphide is employed. 
‘The disc may be enclosed in a vessel from which moisture is removed and which may be 
exhausted.t 


1289. А COMPENSATED SELENIUM CELL. W. S. Gripenberg. (Elektrotechnische Zeitscbrift, 
41, Pp- 453—454, June roth, 1920. Technical Review, 6, p. 786, September 28th, 
1920—Abstract.) ` 

A new form of selenium cell is described which is provided with three electrodes one of which 
is opaque and the other cut up into strips to allow the light to pass through to the selenium 
film beneath. The third electrode which is mounted underneath the selenium film forms 


* See also British Patent 133403—Rapio Review Abstract No. 460, June, 1920. 
T See also British Patent 133404—Rapio Review Abstract No. 460, June, 1920. 
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the common electrode, and the selenium film is thus divided into two branches connected 
differentially to the output circuit. The normal current through the indicating apparatus сап 
thereby be reduced to zero. 


1290. ON THE RECORDING AND КЕркортусімс SouNps By Means or Licut. А. О. Rankine. 
(Proceedings of the Physical Society of London, 32, рр. 78—83, February 15th, 1920. 
Science Abstracts, 23A, p. 351, Abstract No. 895, June 3oth, 1920—Abstract.) 


1201. THE FEssENDEN OscittaTor. E. T. Jones. (Electrical Experimenter, 
7, pp. 1020 and 109o, February, 1920.) 


An illustrated description giving details of the construction of the Fessenden oscillator for 
submarine sound signalling. 


1292. Ам ELECTRICAL SIGNALLING METHOD For Guipinc AERIAL AND 
Marine Crarr. R. H. Marriott. (Proceedings of the Institute of 
Radio Engineers, 8, pp. 345—357, October, 1920.) 


Paper read before the Institute of Radio Engineers, November, 1919—see Каро REVIEW 
Abstract No. 578, July, 1920, for abstract. 


1293. AN OSCILLOGRAPHIC INVESTIGATION OF MICROPHONES FOR UNDER-WATER RECEPTION. 
- P. Ludewig. (Physikalische Zeitschrift, 21, pp. 305—311, June 15th, 1920.) 


1294. Gurpinc Surs By Егксткіс Савікв. N. Tevis. (Scientific American, 123, pp. 123 
and 138, August 7th, 1920.) 
Refers to an installation at Portsmouth of the method of guiding ships in and out of harbour 
by means of a submerged cable carrying alternating current. 


1205. Fryinc ім Mist and Foc. H. Harper. (Times Trade Supplement, 
7, p. 66, October 2nd, 1920.) 


The great utility of wireless telephony installations for commercial aircraft is referred to 
together with the good results recently obtained in this direction on the cross-Channel air 
services. 

1296. WIRELESS TELEGRAPHY IN SPITZBERGEN. (Klektrotechntsche Zeit- 
schrift, 41, p. 514, June 30th, 1920.) 

According to Article 4 of the Spitzbergen agreement between the allied and neutral powers, 
any public wireless station erected on the island by the Norwegian Government or under 
their protection, shall work without distinction with ships of all the signatory powers. Land- 
owners in Spitzbergen have the right to erect private stations and work with other fixed or 
moving stations including those on ships or aircraft. 


1297. CLASSIFICATION OF FREQUENCIES. (Bulletin de la Société Belge des 
Electriciens, 34, p. 187, August, 1920.) 


The French delegates to the International Electrotechnical Commission have recommended 
the following classifications for currents of various frequencies, the figures given being cycles 
per second :—Very low frequency, 1—10 ; low frequency, 11—100; medium frequency, 
101—1,000 ; high frequency, 1,001—10,000 ; very high frequency, 10,001—100,000 ; extra 
high frequencies, above 100,000. 


1298. CLASSIFICATION FOR SUBJECTS IN Rapio Өӛсівксе. (Journal of the 
American Institute of Electrical Engineers, 39, p. 341, April, 1920.) 
Refers to a proposed classification scheme for articles, books, MSS., etc., dealing with radio 
work, Reference is made to the main classification headings but the details are not given. 


1299. Rapio Reszarcu. (Electrician, 85, p. 187, August 13th, 1920.) 

In connection with the Department of Scientific and Industrial Research and the Radio 
Research Board four sub-committees have now been established dealing respectively with 
the propagation of wireless waves, with atmospherics, with directional wireless and with 
thermionic valves. The membership of these committees is set out in this note. 
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1300. THE Wonrp's Larcest Каро Station. (Telegraph and Telephone 
A ge, 38, p. 332, June Ist, 1920. Electrical World, 75, p. 1209, May 22nd, 
1020; also 76, p. 146, July 17th, 1920—Abstract. Technical Review, 6, 
р. 659, August 3rd, 1920—Abstract. Also Scientific American, 123, 
рр. 79—92, July 24th, 1920. Telegraph and Telephone Age, 38, 
рр.421--423, August Ist, 1920—A bstract. Electrical Review, 87, p. 16, 
July 2nd, 1920—Abstract. — L'Éleciricité, 2, p. v, August 15th, 1920— 
Abstract. Elektrotechnische Zeitschrift, 41, p. 716, September 9th, 1920.) 
Reference is made to a proposal for the installation of what will be the largest radio station 
in the world at Rocky Point, L.I. It is stated that the station will have five separate com- 
munication routes, viz., with Argentina, with France, with Scandinavia, with Germany and 
with Italy. 
1301. WIRELESS TELEGRAPHY, France. (Electrical Review, 87, p. 241, 
August 20th, 1920. L’Electricité, 2, pp. ш--у, June 15th, 1920. 
La T.S.F. Moderne, 1, p. 167, August, 1920—Abstract. Scientific 
American, 123, p. 149, August 4th, 1920—Abstract. Electrical 
Industries, 20, pp. 758—759, June 16th, 1920—Abstract.) 
A short note referring to a recent statement by M. Deschamps on the subject of the French 
wireless network for linking up France with its colonies and with other countries of the world. 


1302. WIRELESS IN THE ILES ре Tonca. (Journal Télégrapbique, 44, p. 16, January 25th, 
1920. Elektrotecbniscbe Zeitschrift, 41, p. 573, July 22nd, 1920—Abstract.) 
Refers to a contract made with the Amalgamated Wireless (Australasia), Ltd., for the 
establishment of a complete wireless network. 


1303. WinzELESss IN Foreicn Trane. (Wireless Аре, 7, pp. 10—11, January, 1920.) 
Refers to the valuable influence of radio-communication in promoting international com- 
merce and deals with the proposed programmes of the Radio Corporation of America. 


1304. WinxrEss ім Cuina. (Scientific American, 123, p. 207, August 28th, 1920. Times 
Trade Supplement, 7, p. 33, September 25th, 1920. Wireless Age, 8, p. 9, October, 
1920.) 
A short note referring to the opening of a new wireless station at Temple of Heaven in 
Peking. It is also stated that a station at Urga in Mongolia is expected to be ready for service 
some time in October. 


1305. WirELEss TELEGRAPHY IN Імро-Сніма. (Elektrotechnische Zeitschrift, 41, р. 573, 
July 22nd, 1920.) 
A note referring to the establishment of direct wireless communication between the Eiffel 
Tower and stations in Indo-China and South China. 
1306. SurP Messaces cover 6,339 Mires. (Wireless Age, 7, р. 9, February, 1920.) 
Reference is made to a record signalling range from a Pacific mail liner. 
1307. THe ELECTRICAL TRANSMISSION OF Pictures. Р. R. Coursey. (Nature, 
106, pp. 115—116, September 23rd, 1920.) 
A brief summary of the various methods including a reference to the possibilities of radio 
transmission. 
1308. WIRELESS INCENDIARY? (Scientific American, 122, p. 701, June 26th, 
1920.) 
Correspondence relative to the possibility of induced currents from powerful wireless 
stations causing fires at oil wells. 
1309. INTERPLANETARY Wrretess. С. Pessioni, Q. Majorana. (L’Elettrotecnica, 7, 


рр. 354—355, July 5th, 1920.) 275. 
Correspondence relative to the article by О. Majorana оп this subject.* 


* See Варто Review Abstract No. 855, September, 1920. 
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1310. WrrELEss Waves AND Wave Motion. (Wireless World, 8, April 3rd, 1920.) 


1311. C.W. Time Sicnats. (La Nature, 48, Supplement, р. 177, June 12th, 
1920. Wireless World, 8, p. 279, July roth, 1920.) 


Particulars are given of the time signals sent daily to the Aldebaran at 8.45 from Lyons 
Station, on 15,500 metres, and from Nantes at 8.23 and 20.23 on 9,000 metres, and at 10.23 
and 20.53 on 11,060 metres. 


1312. Reception oF W/T Time SIGNALS AT THE Коүлі, OBSERVATORY, 
Свккнулсн. W. Bowyer. (Monthly Notices of the Royal Astronomical 
Society, 80, pp. 648—650, May, 1920.) 

Time signals transmitted by wireless telegraphy were received at the Royal Observatory 
in 1912 when a two-circuit receiving set with crystal detector was erected by the Admiralty. 
The possibilities of automatic registration of the signals were considered in 1914 using Brown 
relays and a syphon recorder but this work was suspended until late in 1919 when a new 
installation was fitted. The apparatus at present installed consists of a Marconi seven-valve 
amplifier with a range of 600 to 5,000 metres wavelength using naval pattern Кб valves, and 
aseven-valve R.A.F. pattern amplifier covering a range from 4,000 to 18,000 metres using 
French valves. A separate heterodyne is used for C.W. reception. Aerial—two wire total 
length about 260 yards. Capacity—about 0:0023 microfarad ; total tuning inductance 
20,000 microhenries ; total tuning capacity in parallel with inductance 0-018 microfarad. 
Intermediate circuit—total inductance 20,000 microhenries; variable condensers 0:018 
microfarad. Circuit to grid of first valve—total inductance 70,000 microhenries ; variable 
condensers of total capacity 0:018 microfarad. A three-circuit receiver is employed. A 
number of tables are given of readings comparing the Eiffel Tower signals with each other 
and with the standard clocks at Greenwich the differences in most cases being very small, 
but in some instances rather large discrepancies were observed for which no explanation has 
been found. 


1314. Auromatic SENDING DEVICE INSTALLED IN THE ALIPUR OBSERVA- 
TORY, CALCUTTA. (Radio Review, І, pp. 432—434, June, 1920. Tech- 
nical Review, 6, p. 659, August 3rd, 1920—Abstract.) | 


1315. WIRELESS COMMUNICATION BETWEEN GERMANY AND HOLLAND. 
(Elektrotechnische Zeitschrift, 41, p. 778, September 30th, 1920.) 


A regular twenty-four-hour service is now established between Düsseldorf and Rotterdam ; 
the tariff is the same as for line telegraphy. 


1316. WIRELESS WEATHER SERVICE. J. Georgi. (Telefunken Zeitung, 4, 
No. 21, pp. 38—42, July, 1920.) l 
A review of the application of wireless telegraphy to the collection and distribution of 
meteorological reports (1) before, (2) during, and (3) after the war. 


1317. EXPERIMENTS ON THE DIısTRIBUTION oF Reports By WIRELESS 
TevepHony. W. Hahn. (Elektrotechnische Zeitschrift, 41, pp. 727— 
729, September 16th, 1920.) 

Experiments made in April and May by sending out reports from Kónigswusterhausen 
(near Berlin) by means of a Poulsen-Lorenz arc. The height of the aerial is 150 metres, the 
wavelength 3,700 metres and the aerial current varied between 10 and 30 amperes when 
speaking. Frame aerials cannot be used for reception in towns owing to the disturbing 
factors which affect the amplifiers, therefore elevated antennz were employed. Telephony 
does not demand such a highly trained personnel for reception as telegraphy. The results 
obtained at twenty-three stations up to a distance of 600 km were that (2) the loudness was 
sufficient, (0) the method of first reading the report quickly and then slowly for copying, 
spelling names, etc., was found satisfactory, (c) men's and women's voices are equally good, 
(d) detectors without amplifiers were not successful above 250 km ; (e) practice 1s necessary 
in receiving to obtain the best results, (f) the greatest trouble was caused by spark stations 
causing interference. 
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1318. THE AMATEUR’s GUIDE To THE ETHER. (Wireless World, 8, pp. 97— 
98, May Ist, 1920; also p. 116 and p. 134, May 15th, 1920.) 

A table of the principal transmission times for the most important wireless stations. Wave- 
lengths, time of transmission and other particulars are given. 

1319. THREE-VALVE RESISTANCE AMPLIFIER. В. Quentin. (L’Electricien, 
51, p. 382, September Ist, 1920.) 

A short note describing the constructional arrangement of a three-valve resistance 
capacity coupled amplifier and giving also winding details and dimensions for an inter- 
valve transformer for a low frequency amplifier. 

1320. SUBMARINE SOUND SicNALLING. М. I. Pupin. (British Patent 
139498, February 25th, 1920. Convention date, February 4th, 1918. 
Patent not yet accepted but open to inspection.) 

Part of the arrangement is a multi-stage valve amplifier comprising filtering circuits for cut- 
ting out low frequency impulses and transmitting high frequency ones, using resistances shunted. 
by inductive leaks,—see also Каро Review Abstract No. 1174, November, 1920. A similar 
filter circuit for transmitting low frequency currents and stopping high frequency ones is also de- 
scribed. In this case a number of equal resistances are joined in series, while equal shunting con- 
densers are provided to drain off the high frequency impulses, the arrangement being similar 
to that described in Abstract No. 1174 with the resistances and condensers interchanged. 

1321. Vacuum Tuse Ampuirication. Р. Н. Boucheron. (Electrical Experi- 
menter, 7, pp. I158—1159 and 1204—1205, March, 1920.) 

Various arrangements of cascade multi-stage amplifiers are described. The use of resis- 
tance-capacity, choke coil, and transformer intervalve coupling is dealt with both for high 
and low frequencies. 

1322. У.Т. DETECTOR AND Foun-srAGE AMPLIFIER REsisSTANCE Courren. С. R. Keutz. 

(Wireless Age, 7, pp. 24—26, January, 1920.) 

Constructional details are given of four and five-stage resistance capacity coupled amplifiers, 
together with illustrations of instruments built to the plans described. 

1323. PHOTOELECTRIC PHOTOMETER. А. Н. Compton. (Transactions of the 
Iluminatin Engineering Society, 15, рр. 28—33, February roth, 1920. 
Electrical World, 75, p. 1100, May 8th, 1920—Abstract.) 

Refers to the use of a triode amplifier for magnifying the readings of a photo electric cell 
used for photometry. 

1324. AMPLIFIER FOR ALTERNATING CurRENTS. F.Skaupy. (German Patent 
310012, June oth, 1918. Patent granted October 17th, 1919. Jahrbuch 
Zeitschrift für drahtlose Telegraphie, 15, pp. 169—170, February, 1920.) 

An amplifier in which the so-called Hall effect is used. The current to be amplified circu- 
lates in a coil C, Fig. 6, thus providing a magnetic field in which is situated a conducting surface: 


Ер 


Fic. 6. 
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S of tellurium or bismuth through which a current from a local battery B flows. The action 
of the magnetic field is to produce a transverse electromotive force in the conducting surface. 
This electromotive force acts in the telephone circuit T in which the amplified current flows 
(see Fig. 6). 


1325. Hieu Frequency TELEPHONY ім Нісн VoLTAGE OVERHEAD POWER 
Distrisutinc Systems. Gewecke. (Elektrotechnische Zeitschrift, 41, 
pp. 670—672, August 26th, 1920.) 

The author is an engineer of the Telefunken Company and he gives an illustrated descrip- 
tion of a system which they have developed and installed in a number of power stations. 
"The sending and receiving apparatus is of the ordinary type employing thermionic valve 
generators and detectors. The power required is only 10 to 20 watts and no amplification has 
been found necessary for a distance of 135 kilometres between the power station at Golpa 
and the substation at Rummelsburg. The antenna consists of a wire supported between 
two of the masts underneath the power lines, the earth terminal being connected to one of 
the masts. The power lines pick up and guide the waves. The valves only burn when 
speaking, the calling device consisting of a crystal detector operating a relay and trembling 
bell, which is operated as soon as the transmitting valve is set oscillating. Speech is little 
affected by the breakage of two of the three power lines and is still practicable, if the remaining 
wire is earthed at some intermediate point or even if intermittent discharges and arcs are 
occurring which would make ordinary wire telephony impossible. The system is economical 
and as simple to operate as ordinary telephony; the author considers that it has a large 
future. 


1326. MULTIPLE TELEGRAPHY AND TELEPHONY wiTH HIGH-FREQUENCY 
Currents. (Annales des Postes, Télégraphes et Téléphones, 9, pp. 155 
—174, March, 1920.) 

An article abstracted from Telegrapben- und Fernsprech-Technik, June, 1919, outlining 
the historical development of the transmission of telegraph and telephone signals by high 
frequency currents along wires, including Ruhmer’s experiments in 1909. The arrangements 
due to Fassbender and Habann are dealt with in detail, and a summary is given of the tests 
of multiple telephony carried out by the Gesellschaft für drahtlose Telegraphie. The various 
filtering circuits used with the apparatus are described, and a number of curves and tables 
are also given of the high frequency resistance of various telephone line wires for different 
frequencies. It is stated that when using an earth return trouble was experienced by inter- 
ference from high-power wireless stations working on the same wavelength, but that this 
"was eliminated with complete metallic circuits. 


1327. Мсі.тірікх TELEPHONY wiru HicH-FREQUENCY CurRRENTs. Béla 
Gáti and K. W. Wagner. (Elektrotechnische Zeitschrift, 41, pp. 
518—519, June 30th, 1920.) 

Correspondence in which Gáti maintains that Wagner opposed him when he proposed this 
system ten years ago, whereas Wagner now writes in support of it. Wagner replies that 

Gati’s system was quite different from that now adopted. 


1328. THe Apparatus For Hicu-rREQUENCY Wire TELEPHONY. (Tele- 
funken Zeitung, 4, No. 21, pp. 63—66, July, 1920.) 


A brief but well illustrated description.* 


1329. HIGH-FREQUENCY WIRE TELEGRAPHY AND TELEPHONY: (Telefunken 
Zeitung, 4, No. 21, pp. 67—69, July, 1920. Elektrotechnische Zett- 
schrift, 41, p. 455, June 24th, 1920—Abstract.) 


Account of lecture given by Dr. Mayer in Berlin. 


* See Rapio Review Abstract No. 1159, also рр. 715—716, November, 1920. 
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1330. INTERNATIONAL TELEGRAPHIC AND RADIOTELEGRAPHIC CONFERENCE, 
(L’ Électricité, 2, pp. v—vi, August 15th, 1920.) 

A brief report of an international conference held in Paris from July 7th— 13th, 1920, 
all the European States being represented. As a result of the deliberations it was decided 
that each country should remain entirely free in the choice of its radio communications 
and of the method of effecting them, provided that the transmission did not interfere with 
the working of other stations. Special press and other services could also be arranged. 
It was recommended that all commercial services should as soon as possible be effected 
exclusively with undamped waves and that when the traffic exceeded 20,000 words per day 
high-speed automatic apparatus should be employed with facilities for simultaneous transe 
misslon and reception. 


2. Books. 


ÉTUDE DE Оскіоувв Рвовіёмеѕ ре КагтотЕІЕсвларнів. Ву Н. de 
Bellescize. (Paris: Gauthier-Villars et Сте. 1920. Рр. 174. Price 
16 frs.) 


This is a collection of papers on various branches of the subject written and, in some cases, 
published during the last six years. They are arranged in chronological order without any 
regard to the nature of the subjects. The author’s work is well known to all who are acquainted 
with the recent development of radiotelegraphy in France and is a guarantee of the value of 
this collection of papers. The first deals with the predetermination of the radiation of an 
antenna from the current distribution along it by the application of the ordinary Hertzian 
formule. ‘The calculations for seven different aerials were checked by reception on a bolo- 
meter or thermal galvanometer at a distant station. Although the results were proportional 
to the calculated values no attempt seems to have been made to measure the actual radiated 
power. The statement that the bolometer abstracted the maximum possible amount of 
energy from the wave would not be true unless its resistance were suitably adjusted to the 
antenna. The author’s statement that the loading coil is assumed to have no capacity is also 
untrue; it is assumed to have the same ratio of capacity and inductance per unit length as 
the aerial. The second paper contains a theoretical investigation of the efficiency of spark 
transmitters under various conditions. The third paper deals with methods of eliminating 
disturbances due to heavily damped waves. 

The following paper is devoted to a theoretical study of the efficiency of various methods 
of coupling the receiver to the antenna and the effect of varying degrees of coupling and 
various resistance ratios, etc. Confirmatory experiments are also described. A paper dated 
December 1916 describes a resistance coupled amplifier for acoustic frequencies together with 
a study of the causes of the various troubles met with in such amplifiers. This is followed by 
a note on the adjustment of wavelength and coupling in an impulse transmitter; in our 
opinion this note suffers from an absence of explanation. In the following paper the author 
investigates the errors introduced into the reception of wireless signals by the various stray 
capacities such as those introduced by anode batteries and the observer's body through the 
telephone receiver. The next paper deals with the design of small frame aerials. In a paper 
on the application of Austin's formula to transmission problems a number of numerical values 
are given for the calculated electric field strength at various receiving stations due to distant 
high-powered stations and these figures are compared with the quality of the reception. The 
author concludes this paper with the remark that while authors discuss differences of 30 per 
cent. in transmission formule, those engaged in the transmission experience variations of 
goo to 1,000 per cent. He also expresses the belief that improvement will not come by the 
invention of any method absolutely preventing interference, but by the accumulation of 
detail improvements. The following paper deals with the errors in the direction as deter- 
mined by a rotating loop and with various methods of compensating the capacity to earth 
through the detecting apparatus. The two diagrams in Fig. 1 on p. 138 are obviously wrongly 
described. The concluding paper is probably the most important in the book; it is a study 


за 
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of the effect of the insulation of the towers on the radiation from the antenna. It is well 
known that in some cases in which great care has been taken to insulate the towers from 
earth, it has subsequently been found that the transmission is better with the towers earthed. 
It is important therefore to investigate the problem and be in a position to predetermine the 
effects of insulating or earthing the feet of the towers. When a tower is insulated its upper 
part may be regarded as forming an air condenser with the aerial, whilst its lower part forms 
a condenser with the earth. The effect of the current in the tower on the radiation and the 
effect of the losses in the insulation and earth at the foot of the tower on the efficiency of the 
station can be calculated approximately by making certain simplifying assumptions. The 
author applies his results to an actual station and gives experimental data illustrating and 
confirming the applicability of the method. 

Although the various articles are so entirely disconnected and although in many cases they 
appear to be incomplete and call for further investigation, they will well repay careful study. 
They were obviously written for the most part to solve problems which arose during the war 
and which called for an immediate practical solution rather than an elaborate theoretical 


investigation. 
G. W. O. H. 


VOCABULAIRE EN CINO LANGUES AVEC LES DÉFINITIONS OFFICIELLEMENT 
ADOPTEES ET UN RÉPERTOIRE ALPHABETIQUE.. By Henri Viard. 
(Paris: Gauthier-Villars et Cie. 1920. Pp. x + 108. Price 7 fr. 50.) 


The text of this book consists of five parallel columns, corresponding to the English, French, 
Italian, Spanish and German versions of the various terms dealt with, broken up by numerous 
paragraphs in English and French, these being definitions pure and simple. Thus the work 
1s in reality a vocabulary and a small dictionary and should prove very useful to those who 
try to read foreign radio literature with only a small amount of linguistic knowledge to their 
credit. One would not desire to administer too rigorous a treatment to the first edition of such 
a work. Nevertheless it is in the interest of all concerned that we call attention to a few 
omissions. The vocabulary does not include the following terms :—grid, plate, dynatron, 
pliodynatron, loop (or frame) aerial, filament, saturation, regeneration. An alternation is 


defined as half a cycle; this is not universally accepted. 
E. Braxe. 


RaprorÉLÉGRAPHIE PRATIQUE ET RaDiorÉLÉPHONIE. Ву P. Maurer. 
(Paris: H. Dunod. 1920. Рр. 386. Price 21 fr.) 


This is a text-book of the class that gives a general description of the characteristics of 
electromagnetic oscillations and waves, and the circuits by which they may be produced 
and detected, without entering very deeply into the theory underlying the various phenomena. 

The object of the author, as stated in the introduction, is to draw up a practical ensemble 
easv to understand, and containing as few formule as possible, holding the mean, between 
the advanced text-book which makes wireless telegraphy a collection of arid mathematical 
formule, and a purely practical volume containing simply that which is necessary to set up 
a receiving station. Жән 

The first chapter is an elementary study of the properties of electrical oscillations. Com- 
mencing with the alternating current, and circuits having inductance and capacity, it proceeds 
to give the conditions for an oscillatory discharge ; the various sources of loss of energy 
are set out, and the consequent damping of the oscillations explained. 

The propagation of electric waves along wires leads up to the action of an excited aerial, 
A number of mechanical analogies are used to illustrate certain of the phenomena. The 
next chapter, on the principles of wireless telegraphy, opens with a brief historical sketch 
and then gives a description of the properties of coupled circuits, the various types of coupling. 
The explanation of the relationships of the currents in two coupled circuits is rendered clearer 
by a number of diagrams showing the current amplitudes for various cases. Damping and 
resonance are also dealt with. 
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The aerial and earth circuits, with an outline of the theory of propagation of waves round 
the earth is given, and the Austin-Cohen formula for transmission is set out. 

The third chapter on transmission gives a description of the action of the supply circuit 
on the oscillating circuit, with the principle of low frequency resonance in the former. 

The action of the induction coil and the various forms of interrupter used therewith are 
given, with the arrangements used for manipulation. The condensers, inductances and 
dischargers used are described. 

In the chapter on reception, the various forms of detector,—-coherer, magnetic, electro- 
lytic, and crystal are given and the three-electrode valve with the method by which it func- 
tions, is fully dealt with. A number of relays for automatic reception are described including 
some not usually referred to in English text-books. Several circuits for using the three- 
electrode valve, including high frequency and low frequency amplifiers are given, but it would 
have greatly increased the utility of the description if details of the sizes of the condensers, 
inductances, etc., had been included. In some of the diagrams the circuits to which the 
incoming signals are applied are not clearly marked and Fig. 128 is printed upside down. 

Chapter V. deals with continuous waves both in transmission and reception. The pro- 
duction of continuous oscillations by means of the arc, various types of high frequency айег- 
nator and three-electrode valve, is described. The Marconi smooth disc and the quenched 
spark methods are also dealt with in this chapter together with the various static frequency 
transformers. The principal methods for reception by the tikker, valve heterodyne circuits, 
etc., are also included. 

The next chapter gives an account of the directional production and reception of waves, 
including the various types of aerials which have been used for directive transmission, with 
the Bellini-Tosi and moving frame methods for determining the direction of received signals. 

In Chapter VII. is a description of the principal systems of wireless telegraphy. As may 
be expected the circuits employed by the French companies are given in more detail than 
others, the American systems receiving very scanty treatment. Amongst others may bé 
noted the Marconi timed-spark method for producing continuous waves and several static 
frequency transformer circuits are described. 

Chapter VIII. deals with radiotelephony and gives several of the principal systems which 
have been used such as the Colin-Jeance, Vanni, Ruhmer, Telefunken systems with a short 
description of the Alexanderson and Nixdorff magnetic amplifier and the various types of 
microphone. 

Chapter IX. on “ utilisation” gives details of the sets used by the French military and 
air forces, including details of several alternators designed for the latter. A number of ship 
sets are described and a short reference made to the direction finder. 

Time signals and circuits for distant control by wireless are also dealt with and a list given 
of the principal stations with details of their times, etc., of working. The last chapter is on 
tracing faults in apparatus and methods for making measurements. The latter includes 
descriptions of wavemeters and bridges for measuring capacity, inductance and resistance. 

The usual method for measuring strength of signals by the shunted telephone method is 
given, without any statement as to the need for using the total impedance of the telephone 
receiver in place of its direct current resistance. The formula is incorrectly given as audi- 
Re + 8 

3 | 

The methods for determining the characteristics and constants of three-electrode valves are 
also described. 

The book includes a table of contents but no index, and there is a complete absence of all 
references. The information given appears to be well selected and well put together but the 
work naturally suffers from the impossibility of trying to treat the whole of wireless tele- 
graphy in a single volume. In the description of the various systems, many have only the 
briefest reference. 

Many of the diagrams are not clearly lettered, the lettering being in hand-written italics 
which are in several cases illegibly thin. In a few cases the scale on which the diagram has 
been reproduced is too small. The printing has not been well executed, in the copy sent 
for review several pages are imperfectly struck off. 


bility = where Re = D.C. resistance of the telephones and S that of the shunt. 


W. H. NorrAGE. 
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Sır, — The circuit proposed by W. Schottky in Telegraphen- und Fernsprech- 
Technik, May, 1920,* for the measurement of the mutual conductance of a 
triode valve is the one suggested in England two years ago. (See J. A. 
Fleming’s “Тһе Thermionic Valve and its Developments in Radiotele- 
graphy,” p. 142, and R. Stanley’s “Wireless Telegraphy,” Vol. 2, p. 348.) 
In using current of telephonic frequency with this circuit it is obviously 
undesirable to include the reactive telephone receiver coils directly in the 
anode and alternator circuits. This may be avoided by using a non- 
reactive resistance and a low frequency amplifier as shown in the 
accompanying figure. 


For minimum sound in the telephone the mutual conductance 0%,/du, is 
given by 1/(R + r), so long as the alternator impedance is large compared 
with the resistance r. If, however, the alternating voltage is introduced 
into the circuit by means of a few turns of wire of small impedance, 
linked electromagnetically to the alternator circuit, the value of 07/00; is 
given still more simply as 1/R. 
E. V. APPLETON. 
St. John’s College, Cambridge. 

October 20th, 1920. 
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the selection of materials and ап 
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Д Varnishes & Compounds 


429 ә” 2 


Standard insulaung specialities are regularly 
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tramways,etc. Definite proof of their practical utility 


Catalogue and Expert advice where necessary from 


PINCHIN, JOHNSON & CO., LTD., 


GENERAL BUILDINGS, ALDWYCH, LONDON W.C.2 


COMMERCIAL RADIO DEVELOPMENTS 
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and Continental Countries. 


THERMO-GALVANOMETER 


(Duddell Patent) 
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current to a high degree of 
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FREQUENCY. 
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By J. ZENNECK, 


Professor of Experimental Physics at the ‘‘ Technische Hochschule," Munich. 
Translated by A. E. SEELIG, Mem. A.I.E.E., formerly General Manager, 
Atlantic Communication Co. 428 pages, 6 X 9, 461 tllustrations, 13 tables. 


30/- net. 


“Lehrbuch der drahtlosen Telegraphie," is the standard authority in 
Germany, in schools and in the military and naval service. It covers the 
entire subject from physical principles to complete comimercial equipment. 
'The translation is in use in the U.S. Army, Navy and in colleges. 
CONTENTS.—I.—The Natural Cscillations of Condenser Circuits. | II.—Cpen Oscillators. 
I1 I.—The High Frequency Alternating-Current Circuit. | 1V.—Coupled Circuits. V.—Resonance 
Curves. \J.—The Antenna. VII.Transmitters of Damped Oscillations. VIII.—High 
Frequency Machines for Undamped Oscillations. IX. —Undamped Cscillations by the 
Arc Method. | X.— Propagation of the Waves over the Earth's Surface. — XI.—Detectors. 
XII— Receivers. XIJI.—Directive Telegrapbv. X1V.— Wireless Telephony. Tables. Bibliography 
and Noteson Theory. 


McGRAW-HILL PUBLISHING CO., LTD., 
6 and 8, Bouverie Street, LONDON, E.C.4. 


Printed by the WHITEFRIARS PRESS, LTD., London and Tonbridge, and Sonde by THE WIRELESS 
PRESS, LTD., 12—13, Henrietta Street, Strand, W,C. 2 


ONIS Google 


T€ Google 


UN Google 


T€ Google 


ne Google 


T€ Google 


E e MA е к си: ; деди пдадасеи : AA s A me д i silos b " иа ное fe gt a Oe 4 “ м кі ера 2 E y e ЕЖ РАР 
bis ud Е 


“ж. -. 2202. wt . < А RE " А Е ; y . + me . 4 да За ein A ў 
р>": à ЗА — € ET . à 4 S fhi Б.А рад ug n odi nde da 5 d dM E ir Age ei he sar gh eee teen 4 е 4 ae cop pa ре са RC е Set 4 Е “Жарғыға A TN жағасы dM EUN S а 
оно кея га 3 d SANE UA Poor dr dr de mc M EUN я ac. M x Ubi S JO ix иж. M Сони: p - Вещи ғ” ея See a уту — FS 
5 5 ir Bi рК p eS lie М F uh ilte de^. a dio Ж. j oh d coim d Ы ^ Е ж. y pury У қ à B š 4 d F к ЛИЕ: -T RT. gus 
jag ox: obs am ; 7 Ce ma 
ж m Aa H 3 bt , 2. 40 too 64. пета t s 2 А 
: + Ф - + E ec; 
i 4% meo Mese dh etm ә, а) ; PO. + i- œ = - Р. 7 
M o.. a faw’? ci ето әй tio E "E É ары - + 
44 та * о ET ae c o Mer гита 9o rk orn > fe 
+» 2 - E E 
Я Боза * Ц 
% 
4" "m . 
F + ж 
ж " S 
“ + 
r a 
А а = 
+ А Е 
Е . + 5 " - P e E Ug 
i 4 1--.-.. . : 
a а ws E P 
Е 5 ma ў ы 
4 + - $ 
+ " лі | 
“ sr» - > a MES ` 
^ r . 
3 * " ГИ: S E Е 14, ta Р] # я 39 
* - n x 
оо "UNE. + arn Я : 
ue ` 
Fg А - x + пра аре $ E wg E А = 
+ E 2 ve ее ey te vs "uh = 
* ~ “кое coe - т 4 : Y-9 EL a 
m - - - - 
M E ат. n D ^ > 
- -+ - + E . > 4 ET - Е: : ў 
- 
- n $ р 
Б Dope k Ж E . Й 1- А. ; 
+ 
- B^. 4 А + S B 
5 a 
и + мое 72 4 = - Е 
d - 4 з ы -- E ы 
а a , a У > 2 Е ы Е қ 
. М + 5 eO wo us -» - Y A “ + vt р y 
a 5 6 55 + E - зе 2 ` ex n^ .- 4.2 4002. 
> Е уу MR: а % : Lr Bc EE I Lud 3 - - Е 
А В LEE folu Wisi. аА - - - мое. + j ; " 
on s. 4 + , + = оола M ш хе лея & 
SB * o» > x 3d 2 " 
В » - pos ` ^ ы га Y 
r 2 * * - з 
* + Е Sor Жы; 3 
g ы ~’ E < 
і ы = E Уд . Й 
| + " в)» КЕТ А €^ М ..- 2 Á ^ 
1 ” - « ARES DE. Е “ : 2 
8 - E Е j^ + ‘ К x 
> М H - 5 leew oc 
ne - “ “. Е - E 
=: ғ. . - 
г - ғ.а - ae 
$0789 и 
^os 
p ELE Seer st Е 
е 2 Е » P 
- t ә Б да 
- “8 re р "T і Е 
+ а 
* А M 
H 
5 H -a T SE 2 y 
> = i - and ` 
5 | Е / ы . Р 
sje ите zx 
2 - x A = RE > - 
-» E 8 А 
$- 2 ; : 
i а Ы 4. - “ TT Ж 
б + + и 
Т Ld 
EN 2-0. | В 
$ . И Р Ў 
bul 2 те Li * - = 
ғ Li 
б i ^ я: Т ee $ 


* 


qr 
* 


m 
> " | i и 
T p emo ^ e c7 ч” 2 + 
Ы i ә ә В: 
i 5 - БАН E - . 
ihe à c ңа» 2 " ACE. 
bd " d.e eer : 
парола -..... - - = d қ Ж " Ы 
podes 3 І 2, Py : А : oe boat У gi Ye E 
Pa : 2 M D uU ECCE ^ ! i^ o) Um зз ве: ay ee EE 5 А ee » > 
d ie жо ж we Set oe . в x . 
В. П ^ А : m A ; ив 
= ,е - - ; eae А 
РЕЗА 9 : l 
z Oo, T > "n PA. | 
j "m - * 


+ 


кич: 
3 
LES 
H 
2 
è 
4 


Dh... +. 


Ў 5 : (€ 
А И А 
E wW. T ] Ра 
i 224 = .. 
È > 
" uà 4 E E 
А М Қ " na 
i % i с: 
и ғ 
i or : ` H * £z 
dues à 5; 
Lr S А - 
* t ^ = 
қабы 
" LJ 
Е ape Ден і " : A EE aT - 4 2“- 
re nike date Pe eat А ; мам 8 y боғы Gu AEN n - б 
5 і кобы MC EERE қиы n a oon Se ene raak P 


